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CHAPTER 1 


INTRODUCTION; HEARING AND BEHAVIOUR 

The recent appearance in a new version of a justly celebrated 
work on visual perception (Vernon 1952) makes only too clear 
how far the study of hearing by psychologists has Jagged behind 
that of vision. The following pages are in no way an attempt to 
carry out for hearing the task which Vernon has performed for 
vision: even if the writer felt himself capable of such a task, the 
corresponding material for the ear is simply not available. We 
have a great deal of data on the sensory mechanisms and psycho- 
physics of the ear (Stevens and Davis 1988; Wever 1949); yet 
this type of information is excluded by Vernon, and she is inter- 
ested rather in the organization of patterns of stimulation into the 
Hnal experience and response. It is at this level that such classic 
visual problems of psychology as apparent movement, the con- 
stancies, or reversible figures, all arbe. A multitude of experi- 
ments have been performed on them and provide a sound basis 
for a broad review ; but no corresponding classic problems have 
arisen from hearing. The nearest approach to equivalent work 
using the ear rather than the eye is provided by the excellent and 
detailed studies which have been made of the cues necessary for 
speech sounds to be intelligible, particularly through a background 
of noise. Much of this work deals with perception proper, but 
it has already been most adequately reviewed (Fletcher 1958; 
Miller 1951), and a further survey would be redundant. 

Besides the work on masking and intelligibility of speech, there 
are a number of isolated aspects of auditory perception which 
have received attention ; for example, the work of Deutsch (1 951 ) 
on an after-effect of auditory stimulation, which Deutsch suggests 
may be parallel to the figura! after-effects in vision. There are 
not yet sufficient of these researches in hearing to form the basis 
of a book comparable to Vernon’s; but they provide the hope of 
such a book in the future. During the past few years the writer 
has been engaged in research on one such limited aspect, and has 
investigated it in some detail. Certain of the individual experi- 
ments have been published by themselves, but the nature of the 
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problem is such that the purpose and results of each experiment 
can only be fully appreciated m the light of all the others. The 
present book is therefore an attempt to provide a general view of 
the whole line of research, and so to render more easy the task of 
some future writer who may synthesize the whole field of auditory 
perception. If an eminent example is to be taken, it would be, 
not Vernon’s book, but rather that of Michottc (1940) which 
deals with a group of varied experiments centred upon the 
problem of visually perceived causality. The example is, of 
course, too eminent: in the ultimate text book of auditory 
perception the work recounted here will be fortunate if it receives 
a paragraph. But the target aimed at is to resemble Michottc ’s 
work rather than that of Vernon. 

The Value of Auditory Studies 

It might well be urged at this point that the reason for the 
relative neglect of hearing is simply that this sense is comparatively 
unimportant in man: vision is the most highly developed sense, 
and therefore the most likely to yield information of psychological 
importance. Although such an objection would probably never 
be pushed to the extreme of neglecting hearing altogether, answer- 
ing it will lead us conveniently to the statement of the writer's 
particular field of interest, and it may therefore be worth con- 
sidering. There is no doubt that vision is truly a more important 
sense for some purposes than hearing is: if we adopt the distinc- 
tion drawn by Sherrington (190G) between consummatory and 
precurrent functions, we may interest ourselves in the role of the 
great cranial receptors as allowing detection and reaction at a 
distance to environmental events which would otherwise receive 
no response. Thus food is grasped by a primitive organism only 
after physical contact, while an animal with vision will see and 
pursue food from a distance. Sherrington’s view, which is 
closely related to distinctions made by modern students of animal 
behaviour such as Tinbergen (1951), expresses a true difference 
between higher and lower forms of life, and on this view vision is 
clearly important. The precision with which distant events can 
be located in vision is greater than that possible through hearing. 
But this development of vision takes place at an evolutionary 
level below that of man: questions concerning the innate char- 
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acter of, for instance, depth perception, are frequently and 
legitimately answered from animal experiments. Hearing, on the 
other hand, is used for a function which is much more highly 
developed in man than even in the primates: notably com- 
munication. Although a brain which can listen to speech can 
usually also read it, it is the ear which is primary in the develop- 
ment of language and written alphabets are secondary. 

The distinction between communication and appetitive (or pre- 
current) behaviour seems as great as that between the latter and 
consummatory acts. Many writers have emphasized the im- 
portance of language to man : we may take Kubie (in von Foerster 
1952) as a recent example. And even though some S-R theorists, 
such as Seward (1948), have contended that no function is 
involved in speech which does not also appear in animals; yet 
there is clearly a quantitative difference between the incidence of 
such symbolic functions in man and that in bther species. Hull 
(1952) makes it clear that he considers some of the inadequacies 
of S-R theory when applied to man to be due to the complications 
produced by language: for example, he appeals to language to 
explain the importance of latent learning in man as compared 
with animals. By studying, therefore, the sense with which 
language is most closely linked we may help to attack some of the 
most complex human functions. In fact many of the experiments 
to be described involve the perception of speech, and shed some 
light on the differences between verbal and bodily responses. 
These differences are left as a problem for further research by 
Hull (1952). 

There is, however, a second and more compelling reason for 
studying hearing. In the eye, peripheral processes of sensory 
adjustment play a great role. A complex stimulus is perceived 
far more accurately when it falls on the fovea than on the periphery. 
In the ear sensory adjustment is clearly less important; there are 
of course two known adjustments, that of the tensor tympani 
muscle which tightens and slackens the drum, and that of turning 
the head to give the least obstructed incidence to a particular 
sound. It would also have been unwise to assume too confidently 
that no other sensory adjustments are present simply because 
none are known: but evidence will be presented (in Chapter 9) 
to show that any such adjustments are not of great importance in 
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the situations used in this work. TOs greater freedom from 
peripheral complication is chiefly of importance when more than 
one stimulus is involved. If wc wish to study the visual percep- 
tion of a shape it is fairly easy to arrange that the shape appears at 
the point which the subject is fixating. But if we present two 
shapes at once in diflerent places, any effect on the subject s 
perception is obviously complicated by the relative distance of 
the shape from the fovea, the possibility of eye movements, and 
so on. In another type of situation, it is of little interest if we 
find that a task is performed equally well in the presence or 
absence of some visual stimulus: since sensory adjustment may 
ensure that the latter never affects the worker’s nervous system. 
But a high intensity noise is not to be shut out in this way, and 
must produce (or fail to produce) its effect by interaction ■within 
the nervous system. Hearing is especially suited to studies of 
interaction between two or more stimuli. 

Such studies are at the moment of great potential importance. 
To appeal again to Sherrington (1906), one of the most powerful 
tools in the examination of spinal reflexes has been the interaction 
between reflexes elicited simultaneously or successively. For 
example, a scratch reflex following stimulation of the left shoulder 
appears at first sight to involve only the left side of the body: 
but when both shoulders are stimulated at once it is found that 
only one scratch reflex can be elicited. In fact the full response 
involves not only rhythmic motion of the legs on the same side 
as the stimulus, but also (and less detectably) extension of the 
opposite leg. The latter component of the reflex is incompatible 
with a scratch reflex on the opposite side. Much of Sherrington’s 
analysis involves arguing from such facts of interference and 
alliance between reflexes, to the nervous mechanisms necessary 
for such interaction. As Konorski (1948) has well pointed out, 
similar argument is possible in more complex behaviour and has 
been surprisingly neglected. Konorski considers some of the 
possibilities in classical conditioned reflexes: the writer has been 
occupied in studying effects on perception. Such a development 
is in accordance with - Sherrington’s own thinking: his last 
chapter is devoted to topics of binocular rivalry and fusion, and 
earlier in the book he makes the striking statement that ‘ the 
interference of unlike reflexes and the alliance of like reflexes in 
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their action upon their common paths seem to lie at the very 
root of the great psychical forces of attention *. 

There are two reasons why this line of approach is particularly 
topical at the present day. The first of them is a theoretical one : 
the current popularity of language, derived from communication 
theory, for the statement of psychological problems. Owing 
perhaps to the accident that psychologists working on hearing 
are naturally those in closest contact with telephone engineers, 
this popularity has been at its greatest in the auditory field. It 
may well be that too much has been expected from a purely 
linguistic device, which by itself will not provide the answer to 
the problems of psychology — Gregory (1953) has rightly pointed 
out that considering the brain as a computing machine produces 
the old problem of ‘ atomism or Gestalt ? ’ in the new language 
of ‘ digital or analogue But new vocabularies do involve 
some shift in basic assumptions, and perhaps the point of per- 
manent value which will remain in psychology if the fashion for 
communication theory tvanes, will be the emphasis on problems 
of capacity. The latter, in communication theory, is a term 
representing the limiting quantity of information which can be 
transmitted through a given channel in a given time : if we send 
Morse code with a buzzer we cannot send a dot and a dash at the 
same time but must send them successively. An array of 
X buzzers would allow us to send x dots and dashes at once, 
provided we had a listener who could distinguish them.* The 
fact that any given channel has a limit is a matter of central 
importance to communication engineers, and it is correspondingly 
forced on the attention of psychologists who use their terms. 
Any hypothetical account of brain function must in future con- 
sider on the one hand the size of the brain (how many buzzers 
there are) and on the other hand the rate at which that brain will 
make reactions to a given set of incoming stimuli (the number of 
dots and dashes per second). 

* We will give an amplified account of capacity in Chapter 3 , but still 
in non-technical and therefore inexact terms. For precise definitions 
of this and other terms in communication theory, reference should be 
made to the excellent glossary given by MacKay On von Foerster 1952). 
All such terms are used in this book with MacKay’s definitions, though 
they are introduced in popular language. 
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This possibility, that one chain of events physically excludes 
another, has been somewhat neglected in physiology and psycho- 
logy, though not of course completely. Sherrington is a striking 
instance to the contrary, since his account of competition between 
different reflexes for common paths is essentially based on 
questions of capacity. But any account in which completely 
separate neural areas or pathways arc postulated for different 
activities, neglects the possible use of the concept of capacity to 
explain the interference of these activities: and these types of 
account are common. Pavlovian theory, for instance, seems to 
take this path. As will be seen shortly, behaviour theory has 
similarly neglected the possibilities of incompatibility between 
different activities. 

The second reason for taking the effects of simultaneous 
stimulation as a topical problem is an empirical one. There has 
recently been a considerable increase in the study of human 
performance in situations more life-like than those of classical 
psychology. This has caused Hull (1952), for example, to 
include amongst his theorems a derivation of skilled movement 
from his theoretical postulates. Yet, desirable though it is that 
scientific psychology should form a unity, the problem which 
Hull attacks is not one which most workers on skill regard as 
important. He shows that a particular stimulus will, on his 
postulates, tend to produce an exact and quantitatively graded 
response. But the feature of skill which impresses itself most 
strongly on its investigators is that the skilled worker has available 
at the same time a whole family of different possible responses. 
The relationships between the members of this family are, on the 
observational level, distinct from the accuracy or other qualities 
of each member. For instance, Bartlett (in Floyd and Welford 
1953) points out that continued performance or ‘ fatigue ’ alters 
the succession or integration of responses rather than their 
individual qualities. A number of experimental findings of this 
sort will be referred to later: and their combined effect is to 
establish the interaction of simultaneous activities as a considerable 
factual problem. 

Hull would, no doubt, have hoped at a later stage to deduce 
these principles of interaction from his postulates. Equally 
theorists of nervous mechanism may hope to produce a model of 
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brain function which will explain them. Yet the writer cannot 
feel that satisfactory explanations can be produced until the facts 
to be explained are established. This is a view of scientific 
method which differs sharply from that of many behaviour 
theorists, and will need further justification ; it is noted at this 
stage merely to introduce the general plan of this book, in which 
accounts of experiments will usually precede their discussion 
theoretically. Theorists of nervous mechanisms are perhaps less 
likely to complain of such an arrangement than behaviour theorists 
are: it is not unusual to find them sapng like Adrian (1954) that 
‘ we must find out what human behaviour is like before we try 
to explain how it is produced ’. 

We thus reach the position that studies of multiple stimulation 
are interesting both because they have recently emerged from 
various investigations of skill as a factual problem r and because 
theories must now consider them more than in the past. They 
are readily carried out through the ear, and this book contains a 
number of e.xperiments on this topic. It also contains some 
views on the theoretical implications of these findings, and on the 
peculiar nature of language: and before turning to the first 
experimental results we should perhaps indicate the general 
direction in which such results will afterwards be used for theory. 

Perception and Behaviour Theory 

The topic of perception has recently become far more closely 
related to the rest of behaviour than it used to be. This tendency 
was implicit in such work as that of Bartlett (1932) or of Sherif 
(1936), but similar experiments on the effects of motives or social 
pressures upon perception are now more numerous. With this 
development the writer is strongly in agreement. From a 
biological point of view we can hardly consider the structure of 
experience \vithout its function: yet none the less there are 
reasons for questioning whether we should study the effects of 
other functions on perception rather than the effects of perception 
on other functions. 

The classical type of perception experiment is eminently 
suitable for fields in which all subjects behave similarly, in which 
the subjects possess an accurate vocabulary for describing their 
experience, and in which a fairly brief experience is followed by 
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an interval in which it may be described. But these are severe 
limitations, particularly the last: the closer we come to the 
problems of everyday life the harder it is to stay within them. It 
then becomes necessary to set the subject some objectively 
scorable task, and to find how performance on this task is affected 
by various stimulus situations: and this is in fact the method 
used in all the experiments to be described. 

Such a technique, in which the behaviour of a subject may be 
recorded for hours at a time, and in which his own account of his 
performance does not take a central place in the results, resembles 
the methods of animal psychologists rather than those of, say, the 
Gestaltists in perception. It remains true of such writers as 
Hull, as Bartlett said of the behaviourists in 1932, that they have 
on the whole been more faithful to the functional point of view 
than their competitors: and to those who hold that the perfor- 
mance of tasks is a more normal feature of human activity than 
disembodied experience or judgment are, the work of behaviour 
theorists must be of great interest. It is therefore to this work 
that our experiments on auditory perception will be related. 
The line pursued will sometimes again be one once suggested 
by Bartlett: that of giving a functional statement (acceptable to 
behaviour theorists) of problems which they now ignore. 

What possible contribution, however, can studies of simul- 
taneous stimulation make to behaviour theory ? They are in 
fact a vital preliminary to any such theory. On Hull’s view and 
certain others, for example, it is asserted that every time a stimulus 
is followed by a response and the combination is then followed 
by a reduction in drive, the response will in future be more likely 
to appear following that stimulus (the ‘ reinforcement postulate ’). 
This assertion is contrary to a number of experiments, of which 
we may take one from Pavlov (1927) as a typical example. A dog 
is presented with a touch and a heat stimulus, and then with 
food. Eventually it develops a conditioned salivary response 
appearing even in the absence of food: this response will appear 
to touch and heat together or to touch alone, but not to heat alone. 
Yet if heat and food were paired, without the presence of touch, 
a conditioned response could quite well be established to heat. 
Clearly in the first part of the experiment, repeated presentation 
of heat plus salivation plus food, had not established salivation 
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to the heat stimulus, and a simple interpretation of the reinforce- 
ment postulate is therefore false. Hull was of course perfectly 
well aware of this difficulty, and therefore also asserted that when 
two stimuli act together the consequences may be different from 
the sum of those following each stimulus alone (the postulate of 
‘ afferent stimulus interaction ’). But as no conditions were 
specified under which this interaction would or would not take 
place, and as there are always far more than two stimuli acting 
on any actual organism, this extra postulate immediately made it 
impossible to disprove any part of Hull’s theory. 

Afferent interaction has frequently been criticized previously: 
see, for instance, Hilgard (1948). Such criticism has usually 
been directed against the inadequacy of the postulate to deal 
with the complexity of perception, and against the fallacy of 
assigning a neural name to a psychological problem. It was to 
meet this latter class of objection that Hull (1952) changed the 
name of the concept to stimulus interaction instead of neural 
interaction. But the further objection, that afferent interaction 
makes the entire system untestable, has not perhaps been urged 
so strenuously: since Hull himself did not in fact make great use 
of the concept as an escape from experimental testing. When 
experiments were reported in which simple reinforcement theory 
seemed inadequate, he was more likely to appeal either to 
* secondary reinforcement ' (the transfer of reinforcing power 
from innately drive reducing situations to stimuli which happen 
to have been present during such situations) or else to internal 
and unobservable reactions, which are common to the act now 
performed and to one which had been reinforced. Afferent 
interaction seems genuinely to have been used only in cases in 
which the stimulus was a Gestalt, such as a musical scale, and it 
was not brought in as an escape clause in other difficulties. 

Yet logically it might have been so used. The problem of 
learning may be stated in simple terms as this: why does an 
organism learn one reaction rather than another ? Hull’s answer 
was, that reactions followed by reinforcement are learned but 
others are not. Other answers have been given by other theorists, 
but on the experimental level all are agreed that consummatory 
acts have some strong connexion with learning. On closer 
analysis, however, it is found that a reward acts on learning, 
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primarily through its role as a stimulus rather than by satisfying 
biological need. Thus for example Sheffield and Roby (1950) 
have shown that a response can be learned if it is rewarded by 
saccharin solution, and Sheffield, Wolff and Backer (1951) that 
copulation without ejaculation is an effective reward. An 
interesting reconsideration of motivation in the light of this and 
further similar evidence has been given'by Deutsch (1953). 

But if we must now hold that reward acts as a certain kind of 
stimulus, then the principles governing afferent stimulus inter- 
action (or simultaneous stimulation, or whatever name we choose 
for these phenomena) become critically important. For example, 
we might put fora-ard the view that all stimuli compete to enter 
a learning mechanism of limited capacity, that reward stimuli 
are especially likely to win in this competition, and therefore that 
situations involving reward are most likely to be learned. In 
such a type of theory afferent stimulus interaction would by itself 
account for the fact that rewarded responses are learned more 
readily than unrewarded ones, A similar view has in fact long 
been advanced by Tolman (see, for instance, Tolman and Postman 
in Slone 1054), though without making use of a concept of capacity: 
the special role of reward is referred to as ‘ perceptual emphasis 
which is probably an unacceptable phrase to many S-R theorists. 

Studies of simultaneous stimulation, then, must be carried out 
before any truly testable theory of behaviour can be formulated. 
No theory can be adequately tied to observation if it is imprecise 
about the rules governing stimulus reception. Our present line 
of enquiry is therefore of distinct relevance to behaviour theory ; 
and although the fact that human subjects are used throughout 
may seem to introduce an e.\tra complication, the peculiarities of 
human beings and the advantages of using them may be illum- 
inated by these experiments. 

Let us now turn to more factual matters, having prepared the 
mind of the reader to perceive some aspects of the experiments 
rather than others; and let us first consider some experiments on 
the importance of such preparation. 
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SELECTIVE LISTENING TO SPEECH 

The experiments which we will consider first m this chapter are 
intended to show that listening to two messages does in fact reveal 
effects which are not purely sensory, and which therefore may 
of general interest. After establishing this we will «view he 
existing literature on selective listening. Many ‘’’e result 
are not yet related to any theoretical interpretation, but will be 
given for the sake of completeness. As a result par s “ 
chapter may be more useful for reference than atmigM- 
forward reading. Some attempt will however * 

the results in a meaningful fashion: but the reader 
is primarily theoretical will find the essence of the chapter 
final section on * Conclusions 

Experiments showing Central Effects . i- u 

Broadly speaking, there are two possible ways in w ic expe« 
ments on listening to speech may be carried out. n 
is to require the listener to say or write the message w 
heard. The other way is to put the message m the of^a 
question and to require an answer. These tec n q 
always regarded as differing in any ..}!nnld be kept in 

are some reasons for thinking that the difference , Por 

mind. The reasons will be examined m the " 

the moment, we may note that expenments ‘ j out by 

more speech channels at the same nme 

both methods. The first ones to be °bed in 

used the question-and-answer techniqu , y 

papers by Broadbent (1952b, c). showing the listener a 

A set of questions may be devised y bearing some 

piece of paper divided ®bcle ora cross. Questions 

familiar geometrical symbol such answered 

of the type - L ‘bcrea cross insecuon two ?. may^^ 

unambiguously Yes or N - . asked in a norma! 

presents no difficulties, and when ques i performance on 

fashion most listeners can rapidly reach perfect perl 
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the task. If, however, two questions are asked simultaneously, 

great difficulty will be met. 

While this is a matter of common observation, it is not clear 
from everyday experience where the difficulty appears. We 
know that any sound reaching the ear may be ‘ masked*’ by another 
sound and so fail to be heard. This masking appears in the auditory 
nerve response (Galambos and Davis 1944;; Rosenblith 1950), and 
is very slight when one sound is in one ear and the other sound 
in the other ear. That is, masking takes place in the sense-organ 
itself. It might have been the cause of the difficulty of answering 
two questions at once ; and if so, experiments on selective listening 
would offer little of interest for general psychology. 

But two experiments show that this is not so: the difficulty 
is not a sensory one. The first of these experiments is to consider 
the effect of various instructions on performance. To do this, 
the two voices which ask the questions are given names, and the 
listener is told that when two questions are asked at once he is 
only to answer one of them. The experimenter announces, for 
each pair of questions, which voice is to be answered (using a 
visual indication) : and he does so either before or after the two 
questions are asked. The former condition produces better 
results than the latter; indeed, listeners who get the visual signal 
after the questions have been asked, don’t perform significantly 
better than listeners who have no visual signal at all. 

It follows from these results that some mechanism within the 
listener discards part of the information reaching the ear. If this 
were not so, then a visual signal after the question would be as 
good as one before. On the other hand, the information dis- 
carded must vary with the experience of the listener, in this case, 
the visual signal. If this were not so, there would be no effect of 
the signal at all. But the peripheral masking mechanism does not 
fit these requirements. It certainly discards part of the incoming 
information, but the part discarded is determined by the inten- 
sities and frequencies of the sounds present. Consequently a 
visual signal could only influence masking by some adjustment 
of the sense-organ which would alter these parameters. As was 
noted in the last chapter, Ae two principal known adjustments 
consist of rotation of the head and tightening of the ear-drum. 
The former is e.xcluded by presenting both the messages through 



13 


SELECTIVE LISTENING TO SPEECH 
a single loudspeaker; the latter is unlikely to affect one voice 
and not another arriving simultaneously. Such an effect is 
perhaps just conceivable even if unlikely, and there might be 
some other unknown sensory adjustment. The following experi- 
ment is therefore necessary as a check on the first one. 

The reason for suspecting masking when two questions are 
heard at once, is that the two sets of sounds reach the ear at the 
same time. But if we stretch out each question, the gaps between 
words may be made longer, and it becomes possible to fit each 
word of one question into a gap between two words of the other 
question. The listener would then hear a series of words rather 
of the following kind : is is the my cat aunt on in the the mat garden ? 
It is harder to answer the question ‘ Is the cat on the mat ? ’ when 
it forms part of such a jumble of words. Yet no masking can be 
taking place. The difficulty is therefore clearly one within the 
central nervous system. 

A number of variations on this experiment are possible: thus 
the listener may be required to answer both questions or only to 
answer one, the voices used may be the same or different, and so 
on. The results will be described later, but one point of pro- 
cedure should perhaps be noted at once. This is that the 
original experiments did not use ordinary English. The illustra- 
tive phrase ‘ Is the cat on the mat ? ' contains words of widely 
differing importance, and there are transition probabilities be- 
tween words which would clearly be upset by inserting other 
words. For example, in ordinary English the probability of 
hearing the word ‘ the ’ twice running is almost negligible. 
Similar considerations apply to the sequence ‘ the my ’. Now it 
has been established experimentally that the probability of a 
listener hearing a word correctly varies with the probability of that 
word occurring in the particular situation. Thus Miller, Heise 
and Lichten (1951) showed that, under fixed conditions of signal 
and noise, a listener ivas less likely to hear a word correctly if 
he knew it was one of a large number of alternatives, as compared 
with his performance when he knew the word must have been one 
of a small number of alternatives. Similarly, it has long been 
known that ordinary sentences (which, as stated above, exclude 
certain sequences of words) are more often heard correctly than a 
meaningless scries of uords; sec, for instance, Fletcher (1958). 
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Consequently the experiment of alternating words from two 
messages would disrupt established speech habits if ordinary 
languap was used, and therefore a code was used in which the 

™ ^Itern^on w": 

introduced. The code was also unfamiliar, so that neither 
condition was favoured by past experience. Full details are 

given by Broadbent {1962c). 

portance “P<=riments which show the im- 

Poulton n958al r “I"'’'® “ample 

Xer irre'evlnt slT i fo^o'ved by 

listener can afte^"^ ^ has shown that a 

different sneech n presentations, separate out two 

tape bu that voice on the same 

of streams of clictiX "Thr^X passages consist merely 
the transido; p obabiliS bXTe n 
which is clearly not senso^ 

chapter is’ being p'artiany'fulfifkd-'”" *" 

more than one stiLlus do rivXdiffiXtir^v u" ’‘"'“'"S *“ 
Ptigin, and may, therefore aoolv tX 

The next step is to examinf>’tK^^ ^ senses other than the ear. 

listening. Any classification^' f experiments on selective 

studied is somewhat arbitrary '’bm which have been 

situation can be distinguished’. *^The fimTofTr"' 

ments on listening and replying mboTh f I “P""' 

second concerns experimems of Ik, ■ ^ messages; the 

Ignoring other irrelevant sounds Th^tlf d"' 

which a jumble of relevant anri • \ ‘s that in 

listener must monitor them all arrive, and the 

the relevant ones. order to pick out and answer 

Listening to tteo messages at <mce~T\, 
selective listening experiments iool j results from all the 
Items of isolated interest But there'’ 

the results. One of the e i7,hf SCneral trends in 
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Modern communication theory regards information as increasing 
not only with the number of messages received but also with 
decrease in the probability of each message: that is, with increase 
in the number of the messages that might have been sent. To 
revert to the example given in the first chapter, of the buzzer 
sending dots and dashes, a given dash will convey one unit of 
information (known as a ‘ bit *) when the alternative is only a dot. 
But if we may send out at any moment a dash or a dot, either high- 
pitched or low-pitched, then a given dash conveys two bits. This 
is of the first importance, because as will be seen, the performance 
of selective listeners seems to vary with information as defined by 
communication theory, rather than Avith amount of stimulation 
in the conventional sense. 

The second general theme of the results concerns the physical 
means by which messages are presented. When some of the 
information is to be discarded, as in the first experiment we con- 
sidered, it usually seems desirable for that information to reach 
the listener by a different sensory channel. By ‘ channel ’ we 
may mean ‘ sense-organ ’, but not always so, since some of the 
best illustrations of the effect come from the role of auditory 
localization. Sounds reaching the two ears are of course often 
perceived as coming from different directions, although the 
sense-organs affected are the same: and such sounds we shall 
regard as arriving by different ‘ channels 

Let us turn now to the particular situation of listening to two 
messages at once. All workers appear to agree that increase 
in the amount of information presented causes a relative decline 
in efficiency. That is, a smaller proportion of the incoming 
messages is handled adequately. This does not of course imply 
that the absolute number of correct answers in a given time 
declines : if a man works at exactly the same rate in two situations, 
he will do relatively'Avorse in the situation which demands more. 

Thus Webster and Thompson (1953, 1954) found that the 
greater the amount of overlap between two messages the lower 
the relative efficiency. But they also analysed the absolute 
amount of information passing through the listener, and this 
analysis gave rather different results. Their messages consisted 
of a call-sign section followed by three English words to be 
repeated. The call-sign could only be one of a small number of 
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possibilities, while the words were chosen from a large vocabulary 
and so were less predictable. Thus each call-sign conveyed only 
little information (fifteen bits) while the words conveyed much 
(forty bits). Now when messages overlapped, the number of 
words repeated in a given time was the same as with messages 
that did not overlap: the output of information was the same 
although the input was increased. But the number of call-signs 
correctly identified did increase with overlapping messages. The 
increase was not as large as the increase in information presented, 
but it seems to imply that messages conveying little information 
may be dealt with simultaneously, while those containing much 
information may not. This point Is very relevant to the idea 
of a limited capacity for the nervous system, which was touched 
on m the last chapter; and the question will be raised again, 
tor the moment, we may note that the statement ‘ one cannot do 
two^asks at once ’ must depend on what is meant by the word 
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ing. Both types of error appeared as often in the first message of 
an overlapping pair as in the second. Webster and Thompson 
found more errors in the second message, but this may be because 
they were scoring only call-signs in that part of their work. 
Naturally the call-sign of the second message is more affected 
than that of the first. But this may not be the only factor 
operative. 

The writer has used the alternate word technique, mentioned 
at the beginning of the chapter, with the instructions to answer 
both the interleaved messages. Efficiency is less than when 
answering only one of them. In another condition two successive 
messages, not interleaved, were presented and the subject allowed 
to answer only after both the questions had finished. Per- 
formance when answering both messages was again worse than 
when answering only one of them. Once again, increasing the 
amount of information reaching the listener in a given time 
appears to reduce his efficiency. But it should be noted that the 
interleaved messages were harder than the successive messages 
even when both were to be answered. In this case the informa- 
tion passed through the listener is the same under either con- 
dition, but it will be shown in the next chapter that the successive 
messages case requires a smaller capacity. 

Ail these experiments, then, agree in general that an increase 
in the amount of information presented will not produce a 
corresponding increase in the amount of information assimilated. 
To some extent, two messages may be dealt with simultaneously 
if they convey little information. But there is a limit to the 
amount of information which a listener can absorb in a certain 
time, that is, he has a limited capacity. 

If we now turn to the physical conditions, we find that Poulton 
varied the spatial arrangement of the loudspeakers which delivered 
his messages. He compared the use of two loudspeakers one 
above the other, two loudspeakers on the listener's right front 
and left front at about 90“ separation, and four speakers arranged 
equidistantly between the right and left front positions. In the 
latter condition only two speakers could be active at once, but the 
Combination varied. There were no differences between any of 
these conditions. 

Webster and Thompson similarly found little effect of spatial 
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arrangement. They compared a system in which all messages 
passed through one loudspeaker, and a system in which six 
separate speakers were used. Both were used with and without 
‘ pull-down which is an arrangement whereby one channel is 
brought to a head-phone or small loudspeaker close to one of the 
listener s ears. Without pull-down the two spatial arrangements 
did not differ. But when the simultaneous messages differed 
markedly in loudness it was found that pull-down was helpful 
with either one or six other speakers. When the two messages 
were of markedly different loudness, the best arrangement was 
the single speaker with pull-down. 

This topic of spatial arrangement will also appear repeatedly, 
since It usually produces more marked effects than it does in 

f It should also be 
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situ« irrelevant background.-Thts 

aSh ” experiments, 

Ireadv beer"'"?"' intelligibility in noise which hav 

Ptocesls Lr “‘^tested only in the central 

Sodnnomrof?t. "’"5' nntselves to 

mf r I '■'^t ^itit the spatial arrange- 

^n n?i rir?f -Sned that auditory lo aS - 

Xrtt^n^rr the"" r 

conclusive, since there is argument is not quite 

from one ear to thp nti, /r^ i ^ for a direct pathway 

1950). Nevertheless and Rosenzweig 

the rlul“t Ch^^ - strongly supported b^ 

aclr “v"o"e‘am 

effects. For examole it is ""n' paradoxical 

better than o™ tW the h"™"”?' c” '>>='1 ‘wo ears are 

monaural threshold, or thlt"" 

But if one listens for a pure tone . summation ’ occurs, 

the background being hMrd in both®"'""-^ background of noise, 
the pure tone when ft ironWi! * "> 

•Ten, . en '•'“"'vhen it is in both 

1 olnurst 2 nd Peters l — 

in which one message is on one effect for the case 

and the other on the second ear. 



19 


SELECTIVE LISTENING TO SPEECH 
(Hirsh 1948a). This effect has often been called ‘ binaural in- 
hibition but the name is perhaps unfortunate. It is greatest 
at low frequencies and high noise intensities. 

A related effect may be shown by presenting both the tone and 
the noise to both ears, but altering the phase relations between 
the ears. Thus one can arrange the connexions to a pair of head- 
phones so that when the tone appears, the diaphragms on the two 
ears move in together towards the head, and out again together: 
whereas when the noise is applied to the head-phones one dia- 
phragm moves in while the other moves out and vice versa. We 
would then speak of the tone being ‘ in phase ’ and the noise 
* out of phase The binaural threshold for hearing the tone is 
lower when one sound is in phase and the other out than when 
both are in the same relationship (Hirsh 1948b). Once again the 
effect is greatest at fairly low frequencies. Licklider (1948) 
examined the intelligibility of speech in noise, both being pre- 
sented through head-phones, and found results comparable to 
those of Hirsh. Speech was more intelligible when it was in 
phase at the two ears and noise was out of phase, or when these 
conditions were reversed, than when both sounds had the same 
phase relation. 

These findings all suggest that a difference in the apparent 
localization of the speech and noise sources makes understanding 
of the speech more easy. Hirsh (1950) tested this suggestion 
directly by delivering speech and noise through t^\’o loudspeakers 
instead of head-phones. The experiment was done in a special 
room free of echoes as well as in an ordinary room, and the 
positions of the speakers were varied. When two ears were used 
separated speakers were better than adjacent ones, or than an 
arrangement with one speaker in front of the head and one 
behind. The latter two positions are of course very likely to be 
confused with one another when fairly low-pitched sounds are 
used, since the only cue available for distinguishing front from 
back is the shadow of the external ear. This shadow is less 
definite with the low-pitched sound. Given that the localization 
of the loudspeakers was different, the best arrangements tended 
to be those in which the speech source was directly opposite one 
ear while the noise source was not; this arrangement gives a better 
sign.il-noise ratio, and would be expected to be best from ordinary 
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masking principles. Allowing the head to move increased the 
effect of position; and replacing the head by a dummy carrying 
two microphones instead of ears, transmitting to a listener in the 
next room, gave an even smaller effect of position than on an 
uninovmg live head. When only one ear was used the dummy 
head gave results largely determined by the signal-noise ratio 
alone, but the human head still showed a slight effect of 
separation. ^ 

The general conclusion, that a message can most easily be 
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to the same ear, and gave intelligibility tests of the ‘ repeating 
back ’ type at various intensities of the relevant speech. A curve 
was found which would be abnormal for speech in noise. Inteili- 
gibility did not vary as the intensity of the relevant speech was 
decreased for 5-10 db below the point at which the relevant and 
irrelevant speech were equally intense. But when speech is 
heard in noise its intelligibility declines more or less smoothly 
with its intensity. It seems reasonable to interpret this dis- 
crepancy as the authors did, as owing to the fact that differences 
in loudness, as well as spatial position and pitch, may be used 
by the listener to separate the wanted and unwanted speech. 
Thus it is particularly hard to listen to one of two equally loud 
voices, and becomes easier when the relevant one is fainter : this 
effect opposes the normal effect of signal-noise ratio. 

Characteristics of the message, as well as of the channel by 
which it is received, may affect accuracy. Peters (1954a, 1954b) 
has shown that unwanted speech which is similar in content to 
the wanted message produces greater difficulty than does a 
dissimilar background. He also found that if a message is 
delivered immediately before or after an unwanted one, it is less 
likely to be correctly heard. It is more damaging for the 
irrelevant information to follow the wanted message than to 
precede it. 

In the experiments of Egan, Carterette and Thwing and of Peters 
the wanted and unwanted speech were both recorded on tape by the 
same individual so as to make more clear the effects of the other 
variables. The alternate word technique has been used (Broad- 
bent 1952c) to examine the effects of different voices on picking 
out one sound from a babel. 

The method was to instruct the subject to answer the message 
formed by the alternate words in a series, ignoring the inter- 
vening words. In one condition all words were spoken by the 
same person, while in the other condition one voice was used for 
the relevant words and another different voice for the irrelevant 
ones. The latter condition was easier. Again, therefore, a 
physical difference betiveen the wanted and unwanted sounds 
assists the central process: the difference between two different 
voices will be primarily in their spectrum, though there may be 
slight differences of timing. 
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An important point is that the usefulness of the contrast 
between the voices does not depend on learning the pattern of one 
voice and sticking to it; if one is trying to listen to a voice calling 
itself G.D.O. and to ignore one which calls itself Turret, one can 
listen just as well if the two voices change their names over, so 
that the listener is in fact now ignoring the voice that was formerly 
relevant. But this applies only with moderately unfamiliar voices, 
and there is certainly some effect of learning the voice. This 
point is of particular interest because Spieth, Curtis and Webster 
(1954) compare the importance of physical factors in picking out 
a voice to Cherry’s experiment on the separation of two streams 
of speech by the transition probabilities between words and 
phrases. The transition probability between two words in the 
same voice is greater than that between two words in different 
voices: but a change of voice between the end of one message 
and the beginning of another is also quite probable. Although 
there is much in this comparison, a caution should be given. 
This is that Cherry’s subjects listened to their tape recordings 
over and over again, while the experiments on listening to different 
voices and places presented the sounds only once. Different 
functions are likely to appear in the two cases. 

A last point is also to be learned from the alternate-word 
experiments : it is harder to listen to one message with irrelevant 
words interspersed between the relevant ones, even when the two 
voices differ to some extent. There seems in fact to be some sort 
of distraction ’ effect. But spatial separation is more effective 
than simple differences of voice. Cherry (1953) in one of his 
experiments requited subjects to repeat back continuously speech 
heard on one ear alone, and found that they could ignore other 
irrelevant words on the other ear. There may be some distrac- 
tive effect from irrelevant sounds on the other ear, but it did not 
produce any obvious disturbance. Egan, Carterette and Thwng 
have given similar results in more quantitative form. Cherry’s 
results also include a finding which is unique in this section 
on listening to one of two sounds: it is the only finding about 
the listener s awareness of the irrelevant signals. During the 
experiment he changed the nature of the stimulus on the ear 
which was to be ignored. Although that ear was first stimulated 
with ordinary speech, it was then given reversed speech having 
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the same spectrum as normal speech but no words or meaning. 
Other subjects heard a woman’s voice follow that of the man who 
had started the passage, others heard German words instead of 
English ones, and still others heard a pure tone. These changes 
were all reversed before the end of the session, so that the subject 
was only exposed to the changed stimulus during the middle of 
the period while he was steadily repeating the speech on the other 
ear. After the experiment all subjects were interrogated about 
the speech they had to ignore. They could say nothing about its 
content or even what language it was in : a few noticed ‘ something 
queer ’ about reversed speech, but others did not. But the 
change from one voice to another ^vas nearly always noticed, and 
the change to a pure tone was always noticed. 

As has been said, these results of Cherry cannot be classed with 
those on presenting identical sounds by different means and 
observing the effects on efficiency. But they are clearly related 
to our other interest, the amount of information which a listener 
can absorb. Once again we cannot say simply ‘ a man cannot 
listen to two things at once On the contrary, he receives some 
information even from the rejected ear: but there is a limit to the 
amount, and details of the stimulus on the rejected ear are not 
recorded. It is especially interesting to note that the features 
of the rejected voice which are observed are those which are 
useful in picking out relevant from irrelevant words in the other 
experiments. Differences in voice are useful when one wants to 
ignore some words: equally, differences in voice are noticed 
even when the words are ignored. 

But we must beware of supposing that the details of the rejected 
message can never affect behaviour. Cherry carried out some 
experiments in. which the rejected voice was saying the same as 
the accepted voice, but after a considerable time delay. As the 
time delay was progressively reduced, a point was reached at 
which the listener realized that the two messages were the same. 
This occurred when the delay was still quite considerable: in 
general, between 2 and 6 sec. Thus the details of the accepted 
message must still be producing an effect in the nervous system 
after such an interval. This finding may be related to the 
results given in Chapter 9, or to the subject’s control of his 
own speech by auditory feed-back (Lee 1950). 
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Monitoring of several channeb with response to one at a time.— 
The situation which we will now consider is much closer to 
real life than those which have gone before. In the present case 
the listener hears speech from a number of different sources, but 
Ignores any messages which are not for him. He is therefore 
carrying out a combination of the two simpler tasks; he may 
listen to two call-signs simultaneously, but then can ignore one 
message and deal only with the other. As before, we are in- 
terested largely in central processes which may apply to psychology 
in general rather than to hearing alone. It is more difficult to be 
sure of the relative roles of sensory and central processes in this 
case than it was in the simpler ones, but some sueh distinction 
can be made by considering the types of score and the effect of 
instructions. There are comparatively few results from this type 
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He also noticed that the effects of separation were most useful 
when a good deal of information was being presented for accep- 
tance or rejection: when one or both of his two loudspeakers 
gave only occasional calls instead of continuous conversation the 
advantage of separated speakers became insignificant. 

Broadbent (1954b) presented pairs of messages simultaneously, 
only one of each pair requiring an answer. Spatial separation of 
loudspeakers was a help and so also was stereophonic separation. 
In the latter case the two speakers were always kept apart, and 
both messages came from both speakers. Under the stereophonic 
condition one message was delayed by about 2 msec in one 
speaker and the other message correspondingly delayed in the 
other speaker. This gave an illusion of separated voices without 
the speakers actually being moved: the fact that such an effect 
increased efficiency affords another control against changes in 
quality produced by actually moving speakers, and also a control 
against moving the head nearer to one speaker. Stereophonic 
reproduction through head-phones was also superior to a con- 
ventional mixture of voices in head-phones. A split head-phone 
with one ear on each channel was inferior to a pair of loud- 
speakers: this difference would no doubt depend on the par- 
ticular equipment used, but the point of interest is that a combina- 
tion of one loudspeaker and one head-phone was as good as a 
pair of loudspeakers. Thus it seems plausible that it is the 
possibility of head movement which is important, as it was in 
Hirsh’s experiments: and certainly it is the relation between the 
two channels which matters rather than the absolute nature 
of either.* 

Thus the conclusion about spatial separation seems to be that 
it is more helpful, the more nearly the situation approaches that 
of the listener ignoring one channel and responding to another. 
The effect may be less marked when the situation approaches that 

• Webster and Solomon (1955) presented groups of up to four 
simultaneous messages, with instructions to some subjects only to 
answer one of them: while other subjects had to answer two. A split 
head-phone was superior to the conventional type, even when filtering 
was introduced. Splitting was even useful when wo messages both 
had to be answered: but in this case there was always at least one 
irrelcNanl message as well. 
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of the listener dealing with two channels simultaneously. But in 
general it is unlikely to be positively harmful. An unpublished 
experiment of the writer’s should be mentioned because it is the 
only one known to him in which a harmful effect did appear. 
The situation in that case was that pairs of call-signs were pre- 
sented together one of the call-signs always being the same, 
and the subject being instructed to answer the other one. When 
sec were allowed between pairs, spatial separation was helpful; 
en only 1 sec was allowed it was not. It was positively harmful 
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versation as well as the calls which were to be answered. In 
another condition both the channels were occupied by irrelevant 
conversation as well as by relevant calls. As the amount of 
irrelevant material increased efficiency decreased. The amount 
of relevant information to be handled was also varied in this same 
experiment by requiring the listener to deal with calls either on 
one or both channels. There was little difference between the 
latter conditions except when the largest amount of irrelevant 
material was present; in which case more calls were completely 
missed under the.conditions of monitoring both channels. 

In another experiment the subjects were required to listen for 
calls amongst a continuous conversation ; more calls were missed 
when the listener had to follow the conversation by moving 
counters representing aircraft round .a board, than when they 
could ignore the conversation. These results of Poulton’s agree 
with the generalization already advanced that there is some limit 
to the listener’s capacity, but that up to that limit several speech 
channels may be handled adequately. It is interesting to note, 
however, that irrelevant information also appears to have some 
effect: admittedly the decrease in efficiency as the amount of 
irrelevant material increased could possibly be attributed to 
masking, but this would not explain the fact that listening to two 
channels is only worse than listening to one when large amounts 
of irrelevant information are present. This point \vill arise 
again in Chapter 4.* 

Finally we may survey the results obtained in monitoring situa- 
tions on the manner in which arrangement and nature of material 
can decide whether or not response appears. Spieth, Curtis and 
Webster (1954) noted that the correct message of a pair stood a 
better chance of producing a response if the pair of messages was 
not exactly synchronous. They took a dividing line of 0'2 sec 
interval between the beginning of the two messages, and found 
that if the interval was less than this value, efficiency was less 
than if the interval \vas between 0-2 and 0*4 sec. Poulton also 

• Webster and Solomon (1955) found that their subjects -with 
instructions to answer t^vo messages (out of a jumble of Up to four) did 
relatively worse than those answering only one. Instnictions which 
required the subject to decode each message as well as write it down 
also impaired performance. 

3 
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found that synchronous rather than overlapping calls accounted 
for inost failures in one of his experiments. The process of dis- 
carding a call as irrelevant appears therefore to be fairly rapid. 

A curious point which has appeared in two experiments is that 
repeating twice the call-sign placed in front of each message does 
advantage to the listener. This was found 
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centrated most of their relevant messages on one or two channels 
and compared this with a situation in which the messages were 
evenly divided amongst the available channels. The former 
arrangement was better. It appeared that the greater amount 
of shifting of response between the different channels caused 
difficulty in the other case. Shifting was also studied by Broad- 
bent (1952b, c). In this case the channels were distinguished 
only by the voices heard, not only by spatial position, and the 
condition of listening steadily to one voice was compared with that 
of shifting from voice to voice in obedience to a visual cue. In 
the earlier of the two experiments, which was fairly short, no 
difference was found: but in the later one it appeared that this 
was only true for the first doaen or so messages, after which the 
steady condition was better than that of shifting. As Webster 
and Thompson point out, analysis by the methods of information 
theory would describe the more evenly balanced arrangement of 
messages as conveying more information, so it may be that these 
results should be classed with those indicating a limit to the 
listener’s capacity. On the other hand, the results of Chapter 9 
suggest that shifting between channels requires time; and that 
therefore listeners adopt special techniques for material on 
several channels. These techniques reduce the amount of shifting 
while preserving the relation between any heard item and the 
channel of its arrival.* 

Some Miscellaneous Results 

There are some experiments which do not fit into the three 
classes already dealt with, but which nevertheless provide points 
of interest. The main point of connexion with the results already 
met lies in the question of the quantity of information handled 
by the listener. In one group of experiments, for example 
(Broadbent 1952a), only one message at a time was presented to the 

* Webster and Sharpe (1955) showed that this monitoring task can 
be improved by allowing the listener to control the time at which each 
message is delivered to him ; he spreads them evenly so that no undue 
peaks of information input occur. This is the same principle shown 
in visual performance by Conmd and Hille (1955) and which will be 
discussed in Chapter 11. Bertsch, Webster, Klumpp and Thompson 
(1956) evaluated a tape-recording device which would allow this in 
the practical situation. 
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listener, so that selective listening as we have so far considered 
It was not required. When the rate of presenting messages went 
up however, the efficiency of response went down. This seemed 
to be an effect of too much information in too short a time rather 
than a result of overlapping stimulus and response, because it 
was unaffected by changes in the type of response required, 
ur hermore in a senes of high-speed questions the listener 
ppeared to fall behind and do worse at the end of the series than 
at the beginning The concept of limited capacity applies to this 
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sound. There were three conditions: in one the listener could 
ignore the buzzer, in a second he had to make a simple key- 
pressing response to it, and in the third he had to make the key- 
pressing response unless another (visual) stimuius also appeared, 
in which case he had to stamp his foot. The last of these con- 
ditions produced the most interference with the simultaneously 
heard speech, and the first condition produced least. This 
order of difficulty corresponds with the amount of information 
which the listener was extracting from the buzzer, and not to the 
amount of stimulation, which was the same in all cases. (In the 
last condition the buzzer alone gave no less interference than 
the buzzer plus the visual signal.) The difference between a 
description of the results in terms of stimulus and response, and 
a description in information theory terms becomes most marked 
when the two-choice task is compared with the simple reaction. 
In these two cases stimulus and response are exactly the same, and 
yet the interference with another task varies.* One could no 
doubt develop an adequate description of the results in S-R terms, 
probably by speaking of generalized inhibition from the foot-stamp- 
ing response which was not being made ; but such a description is 
clumsy compared with the information theory description. 
We have already found repeated evidence that a listener can deal 
only with a limited amount of information in a given time; it is a 
simple extension of this result to find that when one task requires 
the reception of more information another simultaneous task suffers. 

Another and rather different line of interest is opened up by- 
this same group of experiments on the effect of a buzzer presented 
while listening to speech. This is the question of effects of 
practice. If one can only receive information at a limited rate, 
some advantage might be gained by doing any particuiar task in 
such a \vay as to take in as little as possible consistent with 
efficiency; there would then be less interference with other 

•Another experiment in which the same is true is provided by 
Webster and Solomon (1955). Some of their subjects were instructed 
only to answer messages for, say, Miramar; others had to answer 
both those messages for Miramar and those for Burbank. When 
presented with simultaneous messages, one for Miramar and one for 
North Island Tower, the latter group of subjects did worse than the 
former. There «-as interference from the stimulus which might have 
been present but was not. 
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tasks. Such a way of doing tasks would in this case be likely 
to appear with practice, if we adopt the common view that 
behaviour changes in a biologically useful way after experience. 
Poulton (1952b) has in fact shown this in a task which used 
visual signals. His subjects had to follow a pointer which 
oscillated in a regular way; after training they could follow 
with some accuracy even if their sight of the target was momen- 
tarily cut off. They were not completely dependent on incoming 
information to perform the tas k. 

A similar change in behaviour appeared in subjects who 
were carrying out the two-choice reaction while listening to speech 
(Broadbent 1956a). With practice they began to treat the 
reaction as one-choice, always starting to make one of the two 
possible reactions and correcting themselves if it proved incorrect. 
Adopting this kind of performance reduced the interference with 
the understanding of speech down to the level of a simple reaction. 
But practice did not abolish the interference altogether, nor 
"''«ference due to the simple reaction below the 
ss W i ''"‘“y that it could do so. 
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the other. But there is no sign in existing data of any improve- 
ment in dealing with excessive amounts of information arriving 
truly simultaneously. 

A final group of experiments may now be mentioned. They 
are by Mowbray (1952, 1953, 1954) and deal with the question 
of listening while also receiving visual information. In his first 
set of results Mowbray required subjects to detect missing items 
either from the alphabet or from the series of the first twenty 
numbers. When one sequence was presented visually and 
another simultaneously to the ear, there was an increase in the 
number of errors both of omission and of commission. The 
numerals were easier than the alphabets, and when a numeral 
sequence \vas given with an alphabet the latter was less affected 
than the former. This applied whichever sense received the 
particular type of material. Mowbray’s second experiment 
used prose passages of various levels of difficulty as assessed by a 
Flesch count (Flesch 2948). After passages were presented 
comprehension tests were given: once again the easier passages 
were the most affected when given with more difficult ones. 
In this case, however, hearing was more affected than vision 
whereas in the previous work the two senses were equally affected. 
This may be because the visual presentation was a less natural 
one, being paced mechanically, while the earlier experiment had 
allowed the subject to read at his o\vn rate. A striking result 
from this experiment was that the mean of the scores on the less 
well comprehended passage of each pair was only at the chance 
level. That is, one passage seemed to have been ignored while 
some information was gathered from the other. There was one 
exception to this rule. When two easy passages were paired, the 
scores on the less well understood passage were significantly above 
the chance level. This finding harmonies with those already 
cited, to show that one cannot say ‘ Two tasks at once are im- 
possible *. The important variable in the earlier results was the 
rate at which information must be handled in each task : two tasks 
at once are to some extent possible if the rate of arrival of infor- 
mation for each is low. Easy prose by the Flesch criterion is not 
perhaps to be directly assimilated to a low information content, 
but it is certainly related to it. 

In Mowbray’s last experiment he gave his subjects problems. 
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whose solution required items of information presented cither 
visually or by ear. He delivered such items always in pairs, one 
to each sense. This technique makes the alternation of attention 
even more difficult than it was in the prose passages experiment, 
and he could find no evidence that the subjects perceived both 
Items in any pair. It should be noted that the relevant items were 
embedded in a stream of irrelevant material : certain results, to 
appear in Chapter 9, suggest that this was important in securing 
the result actually found. Deliberately instructing the subjects 
that the items were paired gave no better results than leaving 
them naive and Mowbray concluded that successful division of 
en ion i not occur. It seems that once again the material 
on one sensory channel was assimilated while that on the other 
channel was discarded. 
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information in a given time. This may apply even if one task is 
speeded up, as well as in the case when two tasks are being carried 
on at the same time. But what in everyday life we call two tasks 
may very often require the analysis of only a little information. 
As we said early in the chapter, ordinary English excludes certain 
sequences of words. Even more so, ordinary novels or radio 
broadcasts exclude certain sequences of ideas which are theore- 
tically possible. A practised individual can well listen to a play, 
read a novel, or drive a car without continually taking in large 
quantities of information. And with practice, as we have seen, 
two tasks cease to interfere except at the moments when informa- 
tion arrives for both at once. Thus we may well agree that two 
tasks can be done during the same period without admitting that 
the human nervous system has more than a limited capacity. 
There is no doubt that it is limited. 

Yet the origin of the emphasis which ordinary speech places 
on ‘ doing two things at once ’ is also clear. Given that messages 
contain more than the limiting quantity of information, it will be 
the words spoken in one voice or from one place which will be 
understood. Once the limit is reached, one task fails while the 
other is still adequately performed. So the impression may well 
be given to the casual observer that ‘ doing one thing is possible 
while doing two things is not *. This point is more important 
than it may seem at first sight. Not only does it bring the 
results of these experiments into line with common sense, but 
also it indicates an error which S-R psychology is prone to make. 

A ‘ stimulus such as a human voice, has. many qualities — 
intensity, pitch, position, and a number of others. To regard 
two stimuli as different because they differ in one of these, such 
as pitch, ignores the qualities they have in common. On the 
other hand, to regard two stimuli as the same when one is chosen 
from t^vo possibilities and another from a set of fifty, is equally 
Unjustifiable; even when the two are physically identical in every 
way. The word ‘ stimulus ’ is as vague as the word ‘ thing ’ in 
the phrase ‘ doing two things at once and for the same reason: 
it contains enough truth for its unsatisfactory character to be 
overlooked. In the next chapter we will begin to state a fresh 
language, which may show up some of the weaknesses of S—R 
terms in psychology. 



CHAPTER 3 

VERBAL AND BODILY RESPONSE 

General Development of Terms 
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Stimuli, then his sense-organs must take up different states, 
depending on which of the two stimuli is presented. No physio- 
logical mechanism can therefore be postulated for that sense 
which does not provide such possible states. It is often tempting 
to make the opposite inference, that when two stimuli do not give 
different responses the sense-organ must be at fault; but this is 
clearly a fallacy. There may quite well be two possible states of 
the neural mechanism up to a point quite close to response, and 
yet only one in the final stages. Particularly clear examples are 
given by Tinbergen (1951) in discussing the stimuli which release 
instinctive behaviour. Many of the characteristics of the parent 
herring-gull are discriminable by the sense-organs of the chick, 
and yet produce no distinctive reaction ; it is only a limited class 
of stimuli such as the red patch on the beak of the parent which 
elicit the response. AnoAer example, which we w'ill be con- 
sidering in some detail later, is the extinction of conditioned 
responses. In that case a stimulus which is normally followed 
by a conditioned response is presented many times and ceases to 
produce a response. The ability of the sense-organs to distinguish 
the conditioned stimulus from the background is shown by the 
success of the original conditioning. But after the extinction 
procedure has been applied there is no longer any difference in 
response when the stimulus is applied. At some point in the 
chain of events between stimulus and response the consequences 
of presenting the conditioned stimulus cease to appear: yet the 
sense-organ is intact. 

Our interest, then, is purely in the number of states possible 
at each point in the stimulus-response chain. Broadly speaking, 
the ability of any mechanism to take up different states depends 
on the size of the mechanism: the larger it is, the more different 
states it can assume. But any physically realizable mechanism 
must have some limit to the possible number of states; and this 
limitation will affect even the large human brain. Difficulties in 
performance are likely to appear when the brain is required to 
take up one of a very large number of states; in other words, if 
the number of stimuli likely to appear in a situation is extremely 
large. In ordinary psycho-physical experiments, of course, this 
does not arise. The number of different cells in the brain is 
large, and the number of different alternative stimuli presented 
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for subjective judgement small. When the subject of the experi- 
ment ceases to distinguish one stimulus from another it is often 
because of sensory limitations: but the reader will by now see 
that, quite apart from sensory limits, situations in which there are 
a large number of different possible stimuli may well fail to 
produce different possible responses. Some later stage in the 
brain may have too few states which it can assume, and so there 
wiU be fewer responses than there are stimuli. But it may seem 
difficult for the sense-organs to pass so many different stimuli, as 
the number of sensory fibres is not of a different order to the 
number of cells m the brain. It will now be shown that this is 
perfectly possible. 
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bound to come a point at which it is drawn from a set of possi- 
bilities larger than the number of states the nervous system can 
take up. Regrettably, it is likely that the reader would make 
much the same critical comments about this book even if it had 
been written in a slightly different way. Yet it is obvious that 
to some extent the reader will react differently to different books, 
and in view of the number of possibilities between which he is 
discriminating this must mean that a considerable neural mech- 
anism is coming into play. This applies to all reading or listening 
to speech. It is therefore extremely unlikely that a listener 
should be able to deal with two speech messages simultaneously, 
as this would involve doubling the mechanism required. At this 
point we have made contact with the experimental findings of the 
last chapter; for they demonstrate that speech messages do 
interfere with one another. Before going further into a theoretical 
discussion of the experiments, let us simplify the terms we have 
been using. 

The process we have been considering, in which one of a set 
of possible signals enters a system and one of another set emerges 
at the far end, is analogous to that of telephone or radio com- 
munication. The ‘ number of possible states * or the ‘ voca- 
bulary ’ which we have considered so far is usually called the 
‘ ensemble ’ of signals by communications engineers. They 
speak of the ‘ information ’ conveyed by a signal as increasing 
with the size of the ensemble from which it is drawn. If there 
are n possibilities, all equally probable, the information is usually 
defined as the logarithm of n. (The appearance of the logarithm 
should not w’orry non-mathematical readers: it is merely used to 
ensure that information has on this definition a property which is 
intuitively reasonable, namely that two signals convey twice as 
much information as one. As we have seen, the ensemble of 
two-word sentences is not twice as large as that of single words, 
so the information cannot be taken as numerically equal to the 
size of the ensemble.) But information also considers probability 
as well as the size of the ensemble, and so is more general than the 
latter term. The reasons for this may be given as follows. 

If we return to our psycho-physical experiment, we remember 
that the subject saj's ‘ high ’ to one tone and ‘ low ’ to another. 
Suppose?^*ptroduce two new tones, but still only allow him an 
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ensemble of two responses. Given sufficient time he can still 
indicate that he has heard perfectly a tone drawn from the new 
ensemble of four. He does this by making a sequence of two 
responses, saying ‘ high high ’ for the highest note, ‘ high low ’ 
lor the next, ‘ low high ’ for the next, and ‘ low low ’ for the 
lowest. So our simple account of the situation was inadequate: 
the limited size of the listener’s brain will only decide the size of 
the ensemble of stimuli which he can deal with in a given time. 
It will not necessarily limit his performance given indefinite time, 
but suppose that one tone, say the second highest, was presented 
on nine trials out of ten. An astute listener might then say 
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ference appeared when two messages arrived simultaneously. 
This we have since seen to be highly reasonable if we consider 
the information transmitted through the man, since the latter will 
ultimately be limited by the size of his nervous system. Secondly, 
we found much evidence that increase in the amount of informa- 
tion per message made listening more difficult; in particular, 
when messages were chosen from a larger ensemble they interfered 
more even though they might be physically the same. This 
finding also has a reasonable interpretation in view of the definition 
of information we have since considered. (It may be appropriate 
here to add the caution that raising the amount of information in 
one of two competing messages does not necessarily cause difficulty 
in response to that message, but rather to the other one. Thus 
in the last chapter we note that Webster and Thompson showed 
worse overall performance when the same ensemble of messages 
■were distributed with unequal probability over various channels, 
while Poulton found that the messages on the least used channels 
were the best reported. Equally Mowbray found that inter- 
ference between two difficult prose passages was greater than that 
between two easier ones, but that when the competing passages 
were of unequal difficulty it was the easiest which suffered.) 

The third conclusion of the last chapter, however, seems to be 
less obviously connected with questions of capacity. Why 
should the listener prefer to listen to one ear and to ignore the 
other rather than to receive mixed relevant and irrelevant sounds 
in one ear ? Why does a difference in sensory channel help 
multi-channel listening ? The answer, in the terms we have 
now adopted, is that the sensory channel by which a word arrives 
conveys little information. Little mechanism is required to 
decide which sensoiy channel a particular word has arrived by, 
to reject words from one channel, and to pass those from another 
channel on to a further mechanism for the analysis of the remain- 
ing information they convey. Such a system is therefore an 
economical way of keeping down the amount of information 
passed through the main part of the mechanism. 

For those who find abstract terms uncongenial, a practical 
analogy may be found in a radio receiver designed to eliminate 
impulse interference, and so present the signal to the listener free 
from such interference. Such a receiver may make use of the 
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fact that the interference possesses frequency components not 
present in the desired signal: when an incoming signal has such 
components it is therefore rejected, and only signals without 
these frequencies are passed to the later stages of the receiver. 
This means that the early stages of the receiver must be capable 
of passing a band-width greater than that of the desired signal, 
bu^t this extra capacity is justified by the interference-free signal 
which It permits. This analogy makes another point more 
noticeable : in one sense, the receiver ‘ knows ’ something about 
the interference, namely that it possessed frequency components 
w ic were not desired. In the same way we will remember 
from the last chapter that a listener who is repeating one series 
of words does know that another voice was on the other ear; and 
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messages have to be ignored; and this can only be explained by sup- 
posing that it is easier to pass one bundle and reject another than to 
^ rejectstimuliwithinabundlethatalsocontainsrelevantitems. This 
is effectivelyafiltertheory. Indeed, the various results reviewed in 
the last chapter seem to entail some form of filter theory, as the effect 
of physical cues varies so much with the task required of the listener. 

Before we leave multi-channel listening for more general 
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Fig. 1 . Three modes of response to a sequence of stimuli, 
questions of verbal and bodily response, two other important 
points should be noticed. The first of them is the difference of 
technique, noted in the last chapter, bcUveen repeating con- 
tinuously a stream of speech as it was heard, and answering 
questions. Whichever task the listener is asked to do, he can 
clearly only perform it correctly if his response preserves all the 
information in the stimulus. But there is an important difference 
between the tasks- A listener who is saying what he hears must 
produce a word for each word that reaches him. Having said it, 
he Can forget it completely while he deals with the next. In 
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other words at each instant his nervous system need handle 
only the information conveyed by one word^ (Fig. 1a.) The 
istener who is answering questions, however, must handle all the 
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for his opinion ‘ It was all nonsense This response does not 
preserve all the information in the book — other books might 
produce the same response. Yet it is dearly determined by the 
book as a whole and not by the last word in it. And at each stage 
during the reading it demands only that the reader’s capacity 
should be sufficient for the sentence in hand plus the fact that all 
previous sentences were nonsense. 

Clearly this is a potent device for allowing a limited capacity 
system to deal with a sequence of signals, and in fact it is em- 
ployed by human beings. Take, for example, the results of the 
word interleaving experiments (Broadbent 1952c) which were 
mentioned in the last chapter- One of the comparisons given 
was that between two orders of presentation of the same messages 
eight words long. The eight words formed two questions each 
four words long and each chosen from an ensemble of 250 ques- 
tions. When all four words had arrived the listener could 
compare the question with a visual picture, and choose his 
answer from an ensemble of four. The questions were in fact 
of the type described at the beginning of the last chapter, in 
which a fairly complex question was asked about a picture but 
could be answered ‘ Yes ’ or ‘ No Now in the experiment 
described both questions had to be answered, but it was much 
easier to do so when all four words from one question were 
presented before any words from the other question. Great 
difficulty was produced by interleaving the two questions so 
that neither was complete before the last two words of the eight 
presented. The difference between these two orders of presenta- 
tion lies simply in the fact that one of them allows the listener to 
forget most of the first question, and remember only which of 
the four answers u'as appropriate. He can then deal with the 
other question while storing rather little information. Other 
examples of this mechanism will be given later: it is illustrated 
in Fig iB. The three modes of response illustrated in that figure 
are of fundamental importance, and will be mentioned again. 

Verbal and Bodily Response 

The use of speech has long been regarded as one of the most 
distinctive features of man. Those who analyse the functions 
required of the nervous system have, however, usually found that 
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dl those necessary for speech are possessed by lower animals. 
Heard speech^, for example, acts as a ‘ sign it produces a 
reaction which may be that appropriate to some object which is 
not now present. But animals can of course be trained to react 
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the choice-point in a definite sequence — ^say RRLL. But as the 
point is always the same there are no different external stimuli to 
which the right and left responses can be attached : the whole of 
the information contained in the sequence must be stored within 
the animal if it is to be successful. It rarely is. (In an ordinary 
maze, even if the animal is required to learn a sequence of right 
and left turns in double alternation, each choice-point provides 
some unique stimuli. The sequence of choices thus places little 
load on the animal, as in Fig. lA.) 

Another example is that monkeys can learn quite complex 
locks and catches which bar their way to food : but that a sequence 
of locks to be opened in a particular order is a very difficult 
problem (Kinnaman 1902). In both these examples, human 
beings can do well. Usually their success is ascribed to the use 
of language, as they may often say aloud the sequence which they 
adopt. From the present point of view this is putting the cart 
before the horse: they can use language because they can deal 
with sequences, and this in turn they can do because of their large 
nervous system. 

The reason, therefore, for the appearance of results which 
demand a filter theory in speech tasks, rather than in tasks in- 
volving other stimuli, is simply that speech is the most obvious 
case of stimuli being dealt with in sequences. Classic laboratory 
experiments on the ‘ unity of attention ’ or the ability to do t^vo 
tasks simultaneously, have been unsatisfactory. Usually their 
stimuli are selected from a small ensemble, and often it has not 
been clear at what instant the crucial information arrived from 
each task. The classic way of putting this difficulty is that 
attention appears to alternate between the Uvo tasks. The use of 
speech as a laboratory task allows large quantities of information 
to be delivered to the subject: the sentences mentioned earlier 
with their ensemble of 250 possibilities clearly make greater 
demands on the listener than ordinary choice-reaction and similar 
tasks. In addition the use of speech alIo^vs us to be sure of the 
instant at which crucial information is delivered ; it was mentioned 
in the last chapter that practised subjects only have difficulty in 
answering questions at the instant when a buzzer sounds on 
another channel. They can deal with questions satisfactorily 
between soundings of the buzzer. This is an objective version of 
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the classical ‘ alternation of attention ' and shows the importance 
of precise timing of the incoming stimuli. So multi-channel 
listening has clear advantages for demonstrating the limited 
capacity of the human perceptual system, and the existence of a 
hlter mechanism for making economical use of that capacity; 
but these findings may also apply to other non-verbal tasks. In 
the next <*apter an extension will be made to such tasks involving 
vision. The present chapter has at this point completed all the 
argument that is needed for the main theme of the book. The 
difficulties of multi-channel listening have been ascribed to 
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This is too simple an account of introspection. Verbal responses 
certainly provide additional evidence, but this is because they 
require an additional mechanism. There is probably no great 
advantage in having extra evidence if one only gets it by having 
an extra problem. 

It is interesting to examine various experiments in which dis- 
agreement between verbal and bodily response has been found, 
keeping the general informational approach in mind. There are 
four groups of such experiments, of which the first two are of 
less importance than the last two. In the first, it is shown that 
a response may be learned and performed although the person 
can give no verbal account of the process. An example is the 
experiment of Maier (1931), in which the problem facing the 
subject was to tie together two ropes which hung too far apart 
for one to be reached while holding the other. If the experi- 
menter walked into one rope and set it swinging, the correct 
solution was more often achieved; it was to swing one rope 
pendulum-wise so that the other rope could be held and the 
swinging rope caught on its return by the free hand. But the 
subjects did not say that they had seen the experimenter walk 
into the rope: the hint produced solutions but did not appear in 
introspection. 

Now it is clear that in this case both verbal and bodily response 
preserve the same amount of information. If the experimenter 
does not walk into the rope the subject will not tie the ropes 
together, and will say that he cannot do so: if the hint is given 
the ropes will be tied together and also the subject will say that 
he knows how to tie them together. To expect him to distinguish 
in his speech between this particular hint, and any other way of 
helping the subject to achieve correct solution, is to demand extra 
information from the verbal response. A priori there is no 
reason to suppose that this is available. A similar experiment is 
that of Hull (1920) in which complex figures are shown successively 
to the subject. Certain figures have some feature in common, 
and the subject must say which figures possess this feature. It is 
found that he can pick out the correct figures at above-chance level 
before he has learned the feature sufficiently well to describe it 
verbally. Here again, he may pick out the figures by hand or he 
may say ‘ Yes ’ or ‘ No the verbal response preserves as much 
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information as the bodily one. An exact definition would 
represent extra information, and there is no reason to suppose 
that this should be available. In brief, in this first group of 
experiments both verbal and bodily responses appear to the same 
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inappropriate coding. Similarly if the novice batsman can say 
that stroke A is required rather than stroke i?, he will make an 
attempt which is different from the attempt he would make at B. 
He may not hit the ball, but his bodily responses are different in 
the two cases, and thus preserve as much information as his 
verbal responses. 

The second objection is more subtle. A man who is trained 
and who normally makes an appropriate movement may some- 
times make a careless mistake, and yet be aware of his error 
before Its consequences could be perceived. This is difficult to 
show experimentally, because most situations include the possi- 
bility of some sort of knowledge of results. The subject may say 
that he is aware of his error for the same reason that he corrects 
it by bodily movement, because he now sees and feels his hand to 
be in the wrong place. But an experiment by Bates (reported in 
Hick and Bates 1950, p. 22) shoivs a more important point than 
this. In this experiment the subject was asked to press a key 
which would stop a clock pointer, so that the pointer should stop 
at a certain mark. He was not to press the key if the experimenter 
stopped the pointer before it reached the mark. The results 
showed, as might be expected, that if the experimenter stopped 
the pointer well in advance the subject refrained from response, 
but if the pointer was stopped at the last moment the subject 
responded and thought that he had stopped the pointer himself. 
There was an intermediate range, the one of chief interest to us, 
where the subject pressed the key and yet knew that he should 
not have done so. This cannot have been due to knowledge of 
results, and so seems to be a case of an appropriate verbal response 
with an inappropriate bodily one. 

The crucial point in answering this objection is the time at 
which the response appears. The key is pressed long before the 
subject says that he should not have pressed it. As we said 
earlier, the time taken for transmission of information must always 
be considered as well as the amount concerned. A delay before 
a particular response appears will allow more information to pass 
into the decision-taking mechanism, and so there may sometimes 
be cases in which a man may make a rapid but mistaken response 
of one kind and a slower correct response of another kind. 

The bodily response need not alwa}^ be the more rapid one : it 
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would be quite possible for a man to take later bodily action to 
correct a mistaken verbal order. If these answers are regarded 
as adequate we may stick to our generalization that a man who 
can tell us about a situation can usually do something about it. 
He may do the wrong thing, but some bodily response is likely 
to appear conveying as much information as the verbal one. 
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means it is possible to show the small amount of information 
contributed by a briefly exposed stimulus, even in verbal response. 

This type of study therefore harmonizes well with our dis- 
tinction between speech and other forms of response: they show 
different forms of coding, speech normally requiring a greater 
capacity from the mechanism which produces it. If adequate 
capacity is available for a verbal response, it is very likely that 
bodily response will also be present if the situation is one which 
requires it. But the reverse is not the case ; a capacity adequate 
for bodily response is not sufficient for all verbal responses, and 
so the former may be present when the latter is absent. Experi- 
ments of the type performed by Lazarus and McCleary are, 
however, sometimes cited in support of a more extensive theory. 
This is the view known as the doctrine of ‘ perceptual defence ’. 
According to this view features of the world which are repugnant 
to a particular person may not be perceived. The personality 
may perhaps be regarded as preserving its unity by rejecting 
inharmonious facts: ultimately a man may fail to perceive his 
own desires and so develop neurotic symptoms through inability 
to control those desires. Experiments in support of this view 
may for example present words of embarrassing meaning in a 
threshold experiment and show that the threshold for these 
words is high (McGinnies 1049). There are various technical 
difflculties in that embarrassing words are possibly unfamiliar, 
which would raise the threshold, and also may be adequately 
perceived by subjects who are yet reluctant to say them aloud, 
especially to a professor. Perceptual defence is therefore a some- 
what controversial topic (Howes and Solomon 1950; Singer 
1956 reviews the literature). Yet clinical opinion is probably 
in favour of a mechanism of such a type, and certainly experiments 
in which a subject is presented with a large amount of complex 
stimulation provide evidence that perception is strongly selective 
along the lines of the perceiver’s interests (Bartlett 2032). 

A difficulty which may well be felt about perceptual defence is 
that it seems to suppose some kind of double mechanism : a word 
is perceived * unconsciously ’ so that it can be recognized as un- 
congenial and not perceived ‘ consciously *. The same difficulty 
arises in the less dramatic case of Bartlett’s demonstrations of 
selective perception. If a civilian in war-time hears a story which 
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contains an excuse for avoiding military service, and reports this 
excuse more lengthily than other parts of the story, must \ve sup- 
pose that the whole story has been perceived * unconsciously ’ in 
order that the point of acute personal interest should be picked out 
for conscious perception? Both intuitively and from general 
ar^ments of biological economy, it seems unlikely. Yet at this 
point let us remember the filter theory developed at the beginning 
of this chapter. It is economical for a scries of stimuli to be 
analysed first for simple physical properties conveying little 
information; so that a later mechanism need deal only with, say, 
sounds in a certain voice from a certain place rather than being 
swampe y all the incoming sounds. This means that the 
listener may know that a man’s voice is striking his right ear and 
yet not know what that voice said. There need be no question 
of the man s voice being perceived in its entirety and then rejected 
cLtu! Tf may apply to the cose of per- 

in'ibe Pmvided only that classes of words may behave 

detect channels do. Thus the filter might 

wi hout HUt" Seneral class of sexual words 

Zrd to is: and pass the 

filter is sefro ^ more detailed analysis, if the 

m that Tf be analogous 

a^uchbt J r is recognied 

filter is set to n ^^,4 Passed to a later mechanism because the 
inter IS set to pass words from the left ear. 

necessarilv ^sun possible does not mean that the writer 

completelv diinliVnt a that theory does not require a 

system of the kind we'’wTru'nd'‘'''“‘""'’ 

The main factual point ^whi^h necessary for other reasons, 
to be needed is the ^ experimental evidence seems 

the same :sts~chl^r 

that they should do toTt *' ^ be conceivable 

"t ~ ^ — - 



VERBAL AND BODILY RESPONSE 55 

pendent of the temporary bias applied by instructions to the 
subject. The possibility of a permanent bias will be discussed 
again in later chapters. It will appear that there is much evidence 
for a bias in favour of certain kinds of stimulation; but the 
categories are less abstract than those of, say, sexual words as 
compared with others. They are more like those of, say, right 
ear signals as compared with left. 

We may now turn to the last group of experiments showing 
disagreement between verbal and bodily response. These are 
those on ‘ automatization *. A practised action may be brought 
to the point at which the performer does not remember whether 
he has performed it or not : he is unable to give a verbal as well 
as a bodily response to the stimulus concerned. Such high 
degrees of practice are uncommon in the laboratory: from every- 
day life we may take the story of William James (1890) walking 
in a street in which he had once lived. He was preoccupied with 
other matters, and only became aware of his own automatic actions 
when climbing the stairs of the house he had formerly occupied. 
When earlier stages of learning are studied in the laboratory, it 
is usual to find that copious introspective reports are available 
in the initial period, but that after much practice less is reported 
(Solomons 1899). The bodily responses appear, but little is 
said about the task. This seems to be an effect on the same 
continuum as that reported by James, and it certainly seems that 
practice may reduce verbal response while leaving bodily response 
to the same situation intact. 

As before, we may find it entirely reasonable that speech should 
disappear when other forms of response are still present. But it is 
interesting to consider why practice should have this particular 
effect. It will be remembered that in the last chapter an experi- 
ment by Poulton was cited to show that some tasks become with 
practice less dependent on the intake of information from the 
outside world. A task which cannot be done by an untrained 
man unless he can see the course of events continuously, may be 
possible to a trained man with only intermittent glimpses of the 
situation. This effect was described theoretically many years 
ago by Hull (1930). In his type of language, the r^ponse to 
each stimulus becomes conditioned to the proprioceptive stimuli 
from the previous response. Thus the appearance of the first 
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stimulus may produce the whole series of responses even though 
later members of the stimulus sequence are not in fact presented. 
Our phrasing of the same statement would be that in a sequence 
which is often repeated in the same order, the first event conveys 
as much information as the entire sequence, and the other input 
events need not occur for the output to remain satisfactory. The 
other events become, in the language of information theory, 
redundant So if the stimulus side of a task contains redun- 
daricy, the worker will after practice still perform the task while 
^king in fewer events. Our formulation differs from that of 
u in the ^xt step : because of this phenomenon, the capacity re- 
quired for efficient performance will be reduced, and neural mech- 
Mism will be set free for the performance of other tasks. In fact 
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random and unpredictable sequence, practice did not reduce the 
interference. This result strongly supports the present point of 
view: it is only by capitalizing on the predictable nature of the 
stream of stimuli that automatization can take place. (A closely 
similar account of effects of practice is given by Kay (1956).) 

We have now considered the four groups of experiments on 
discrepancies between verbal and bodily response, and have 
found them consistent with our general approach. One group, 
although superficially showing an inadequacy of verbal response, 
actually merely proves that verbal response often preserves no 
more information than bodily response; words do not give reliable 
information on the causes and processes producing the bodily 
response. A second group shows that verbal response is some- 
times still present when bodily response has * fatigued but 
that this is rather rare. The last two groups show that verbal 
response may break down while bodily response is still dealing 
efficiently with the stream of stimulus events. Faint stimuli 
or prolonged practice may produce such a situation, and it seems 
to be fairly frequent. It Is readily explained as due to the different 
stimulus-response coding present in verbal response, which 
demands a larger capacity of the organism and so makes verbal 
response more vulnerable. There is a clear advantage biologically 
in the effect of practice in reducing the capacity devoted to a 
particular task to the minimum, as this allows the simultaneous 
performance of other tasks. 

Our distinction between verbal and bodily response seems 
reasonable, then. But it is not an absolute distinction. If a 
lengthy sequence of stimuli is dealt with by a bodily response 
or sequence of responses which does not start until after the 
stimulus sequence ends, or if in some similar way the capacity 
demanded by efficient bodily response is high, then the effects 
described for verba! response will also apply to bodily response. 
Conversely if a speaker practises a scries of words repeatedly 
until he can reel it off on a given signal, it may be as automatic as 
any bodily response. A man who is engrossed in some skilled 
manu-nJ task may give only conventional and non-committal 
replies to questions. The distinctive quality of verbal response 
lies rather in the greater frequency with which sequences of 
stimuli appear in experiments on speech than in experiments on 



58 PERCEPTION AND COMMUNICATION 

other topics : and in the fact that the ability to deal with sequences 
is a prerequisite for the development of sentence languages rather 
than isolated signs. This ability requires a large capacity and 
therefore a large brain. It is necessary not only for tlie use of 
language, but also for many other human peculiarities which 
involve long sequences of stimuli or responses. 


Relation to Earlier Approaches 

Four earlier approaches are highly relevant to this attitude, 
i he present section will consider the ways in which we can try to 
preserve the valuable contributions of each : for critical con- 
troversy IS of only limited value, and in a science at an early 
stage Idee psychology, is likely to mean ignoring some of the facts. 

^ ® jst place, the traditional language of consciousness and 

attention deals largely with the problems we have mentioned. 
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from the outer world but is himself a unity and the source of 
action. What then can we say of a man who turns out his electric 
fire while talking and cannot remember, on leaving the house, 
whether the fire is out or not ? Was he conscious of turning out 
the fire ? Did the action appear unconsciously ? Or should we 
say it was conscious but at a low level of attention ? Such alter- 
natives seem to involve difficulties. Furthermore the terms 
cannot be applied to animals, whose nature is clearly close to our 
own, and an explanation of either man or animal would be easier 
if we could compare theories directly. It is equally difficult to 
relate a psychological theory in terms of subjective experience to 
physiological data, a fact which popular philosophers are con- 
stantly urging in support of the doctrine that no psychological 
theory can have a physiological basis. The approach set out in 
this book is an attempt to meet these difficulties while preserving 
the advantages of the traditional language. 

Stimulus-response psychology has the great advantages of 
objectivity, of rejecting phen'orncnalism, and of empbashing the 
selective and purposive aspects of behaviour. Theories in S-R 
terms have often been inadequate, and sometimes unclear — ^what 
approach in psychology has not ? Yet on the whole it has been 
possible even for the opponents of Hull, Guthrie or Skinner to 
understand what their theories mean. This cannot be said for 
all other approaches. Furthermore the rejection of introspection 
has avoided the danger of trusting verbal accounts of bodily 
performance. We have seen good reasons for supporting this 
distrust, although not of course for neglecting verbal response 
altogether. One of the factors apt to be neglected by introspec- 
tion is motive, and here also stimulus-response psychology has 
emphasized a desirable point. These advantages must be pre- 
served in future approaches, and the present view attempts to do 
so. The main reasons for departing from stimulus-response 
language are the need for considering the coding of input into 
output, the need to consider the whole ensemble of possible 
stimuli rather than simply the presence or absence of each one, 
and the need to distinguish bet\veen the arrival of a stimulus at 
the sense-organ and use of the information it conveys. These 
points must be considered in view of recent experimental results, 
and it is difficult to do so in S-R terms, 
s 



PERCEPTION AND COMMUNICATION 


The third view to be mentioned is also one which has protested 
against the consideration of isolated stimuli: Gestaltism. The 
supporters of that approach rightly urged that patterns and 
organizations of stimuli are highly important, and all modem 
views on perception arc influenced by their criticisms. The 
informational approach differs in two main ways from the earlier 
one, though it may from some points of view be regarded as a 
new Gestaltism. First, it is not the pattern of present stimulation 
which is emphasized, but the ensemble of possible situations 
which might have been present yet are not. Secondly, it is not 
only the interrelation of present stimuli which is treated as im- 
portant, but also the interrelation of stimuli in temporal sequences. 
The two kinds of combination have resemblances: just as the 
amount of information in a sentence increases very rapidly with 
the length of the sentence, so also does the information in a 
cornplex pattern increase very rapidly with the number of elements 
m the pattern. Just as a listener is likely to understand only one 
message in the complex jumble of sounds made up by mixing 
two messages, so also a complex visual display may be seen 
either ^ one pattern or as another. In the latter case different 
parts of the pattern will be ‘figure* in the two alternative percepts, 
and the remainder of the pattern will be ‘ ground ’. The relation 
ot figure and ground in visual perception is clearly similar to that 
between selected and rejected speech messages: in both cases the 
the latter receives only a 

general and undifferentiated response. 
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preserved in patterns of activity in the cortex and so in patterns 
of response. When sequences of stimuli are considered this be- 
comes impossible. There is no limit to the length of the sequence 
presented, short of the life of the organism, whereas simultaneous 
patterns have a limit set by the number of sensory fibres. The 
sequence must clearly convey far more information than each 
item within it; while each item itself may be a very complex 
pattern. As the sequence lengthens there must logically come a 
point at which the capacity required to respond to it adequately 
exceeds the capacity of the nervous system, no matter how large 
the latter may be. 

To consider sequences was therefore logically desirable when 
arguing for a filter theory: if we had considered simultaneous 
patterns this theory would depend on the factual question of the 
actual capacity of the perceptual mechanism. By considering 
sequences we made it clear that the capacity must be too small 
whatever it is, since the sequence can be extended so indefinitely. 
The only factual question is whether human beings do respond 
at the end of sequences rather than with an individual response 
Co every separate stimulus, and this fact the reader of this book 
illustrates. He will make a reaction to it after reading it: to 
do so he must have discarded a good deal of the information 
presented even if he used the capacity of his nervous system 
fully. 

In addition to the lack of emphasis in Gestaltism on temporal 
sequences, their language did not always share the S-R virtue of 
wde intelligibility. It was not always possible for outsiders to 
divine the meaning of terms such as ‘ good figure *. These 
disadvantages the present approach seeks to avoid, while retaining 
the Gestaltist gains in the field of pattern perception. 

The last view which we will consider is the closest to the 
present one, and has a clear historical connexion with it. This 
is the view set forth by Bartlett in Remembenng (1932). That 
view is notable for many of the virtues attributed above to other 
approaches. It emphasizes facts of everyday importance, it 
gives a central role to the importance of motives and interests 
in selecting for perception part of the information striking the 
sense organs. It considers patterns and situations rather than 
isolated stimuli, but it concerns itself \vith temporal sequences as 
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much as or more than simultaneous patterns. Yet historically it 
seems to have been open to conflicting interpretations. Oldfield 
and Zang^vill (1942) have discussed the history of Bartlett’s 
approach, and have made it clear that the terms used have con- 
siderable ambiguity in their meaning. The word ‘schema’, 
which he uses, seems to have a different sense for him than for 
Head, from whom he borrowed it. It has been used in still other 
senses by more recent writers. Despite this difficulty, this 
approach takes into account features of behaviour ignored by all 
other views. The present attitude attempts to preser\’e some of 
these features. 


peculiar advantages of the Bartlettian approach can best be 
illustrated by considering Fig. 1 again. In Fig. 1 a, a sequence 
of stimuli is dealt with by a series of responses, one following each 
stimulus. Such a rnode of behaviour requires little capacity of 
t e organism. In Fig. In there appears a mode w’hich requires 
more capacity, and which we illustrated earlier by the reader’s 
deasion that this book was all nonsense. In this case the en- 
semble of responses is larger than that of the individual stimuli, , 
but still smaller than that of sequences of stimuli. Each response 
Sm'r determined by information from previous 

evZ^ii’ '"fonnation is discarded. As an 

mir Windfold chess: given that 

ensemble oTeTswr^The 

from nn « ui e ' ■ t ^ most choosc cach move 

and th. ° backwards, to either side, 

moves withn remember his first and second 

mem^rTioT move a crisis arises: our 

for there are ^ sufficient to store more moves, 

terns eaX^r'%*“ “ P““!W'= ='’q”nces of three 

mmt Wettri “gW. It seems that we 

can adorn a t' , ™d so lose track of the game. Yet we 

king’s tot movf compromise by remembering, not the 

There are only 64 such UMh"''’" ’’ccched on completing it. 
large enough lot this purpose” mechanism is 

such position the event isXterm- a the king moves into one 

previous move but also in n°' ° c ^ “““cdiately 

moves. To remember sequence of past 

remember the present position of the king preserves 
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a particular relevant part of the information in the sequence, 
while discarding the rest. 

Such a mode of behaviour is closely paralleled by the handling of 
proprioceptive information in animals. The sequence of bodily 
movements is continually reported to the central nervous system, 
but no response appears to preserve all the information in that 
sequence of stimuli. Many responses, however, do preserve 
information on the present position of the body : in the simplest 
case, a normal man can say where his hand is with his eyes closed, 
although he cannot describe his movements for the last half-hour. 
More subtly, unless movements continually took into account the 
starting position of the limbs and the arrangement of the rest of 
the body, they would run into considerable difficulty. So our 
imaginary chess board case has a parallel in the perception of 
posture. 

Henry Head (1920) noted many years ago that perception of 
posture might be disorganized by brain lesions even though 
proprioceptive sensitivity was normal. He therefore supposed 
that a ‘ schema ’ existed in the brain, an organized residue of past 
sensations, and that each incoming sensation modified this 
schema but was not preserved individually. This point of view 
is clearly related to our chess board example, and so to the Fig. iB 
mode of response to a sequence of stimuli. Bartlett (1932) 
extended this possible mechanism to broader fields, and regarded 
much of behaviour as schematically determined. It is clear that 
he included several rather different mechanisms under the one 
name of schema, and Oldfield and Zangwill distinguish some of 
them. It is equally true, however, that the general class of be- 
haviour, in which the ensemble of responses is intermediate in 
size between the ensemble of individual stimuli and that of 
sequences of stimuli, also has a number of sub-categories. For 
example, in our chess board example each response (position of 
the king) is determined by the present stimulus (move of the 
king) and the last response (starting position of the king). In the 
example shown in Fig. iB, however, each response is determined 
by the present stimulus and the last stimulus. Both examples 
are cases in which the individual response conveys only part of 
the information in the stimulus sequence, but in the chess board 
case this part is drawm equally from all portions of the sequence; 
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much as or more than simultaneous patterns. Yet historically it 
seems to have been open to conflicting interpretations. Oldfield 
and Zangwill (1942) have discussed the history of Bartlett’s 
approach, and have made it clear that the terms used have con- 
siderable ambiguity in their meaning. The word ‘ schema 
which he uses, seems to have a different sense for him than for 
Head, from whom he borrowed it. It has been used in still other 
senses by more recent writers. Despite this difficulty, this 
approach takes into account features of behaviour ignored by all 
other views. The present attitude attempts to preserve some of 
these features. 


The peculiar advantages of the Bartlettian approach can best be 
ilmstrated by considering Fig. 1 again. In Fig. 1 a, a sequence 
of stimuli is dealt with by a series of responses, one following each 
stimulus. Such a mode of behaviour requires little capacity of 
t e organism. In Fig. 1 b there appears a mode which requires 
more^ capacity, and which we illustrated earlier by the reader’s 
decision ffiat this book was all nonsense. In this case the en- 
semble of responses is larger than that of the individual stimuli, . 
but still smaller than that of sequences of stimuli. Each response 
stimi determined by information from previous 

stimuli though some of that information is discarded. As an 
sample, suppose that we try to play blindfold chess: given that 
*1*^ "movements of the king has an 

anTthTtf (for^vards, backwards, to either side, 

moves witin f remember his first and second 

memorvnnl^ difficulty. On his third move a crisis arises : our 
for there ^ capadty sufficient to store more moves, 

items each different possible sequences of three 

mmt WttT It seems that we 

^ track of the game. Yet we 

king’s la^t move*bm°ffi remembering, not the 

There are ra ? Potion he reached on completing it. 
large enough for Positions, so our memory mechanism is 

such posSthL When the king moves into one 

previous move but .‘^®'®'™'*ed not only by the immediately 
pre™us ™ve birt also in part by the whole sequence of past 
emember the present position of the king preserves 
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of the organism, and the use of the term ‘ schema ’ has 'distin- 
guished cases of the Fig. 1b type from cases of the Fig. 1a t3rpe. 
So far, however, we have not mentioned the Fig. Ic type, in which 
all the information in a sequence is preserved. Bartlett dis- 
tinguishes a third type of behaviour besides the t\vo already 
mentioned. This is exemplified in the recall of individual events, 
as when a man recalls going shopping yesterday and buying a 
large golliwog for his child. Such recall is distinct from that of 
familiar patterns, as when a man finds his way home or remembers 
how to ride a bicycle. Bartlett did not regard recall of individual 
events as schematic, but as requiring some higher order function 
with which he held consciousness to be associated. We too must 
draw a distinction between recall of individual events and of 
familiar patterns. The latter, as we have seen, is of the Fig. 1b 
type; the former is surely of the Fig. Ic type. When a man can 
make a different verbal response today dependent on the par- 
ticular sequence of events which has occurred in his past life, he 
is preserving information from that sequence to a greater extent 
than when he performs habitual actions. It is one thing to 
respond appropriately to the words ‘ psycho-physical method 
of constant stimuli ’, to be able to find one’s way from Vemce to 
Udine, and to recognize a woman as one’s wife. But to recall 
that one married after taking one’s degree but before going to 
Venice for the first time seems to be a quantitatively different 
type of function. In so far as the man remembenng can rerall the 
entire sequence of stimuli which has reached him, e must ave a 

largercapacitythanisneededforrecognizingrepeate su sequences. 

In fact of course it would probably be impossible for the brain 
to produce a response preserving all the information from an 
entire life. But selected stimuli from pom« throughout that 
life do form a sequence capable of producing an 
response; we normally expect a man to be able to 
his marriage was before or after his ^ ^,^11 

may be doubtful of the names of the bridesmaids. 

requires a large capacity mechanism, ju^ rateporv of 

does, and we may agree wi* Bartlett that it forms a category 

behaviour which is worth distinguishing. u^lnble to 

The question arises whether it is legitimate d^imble t„ 
identify such a mode of response with consciousness . Bartlett 
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while in the Fig. 1 b case the information comes predominantly 
from the portion of the sequence last before the response. Old- 
field and Zangwill note that * schema ’ is sometimes used to refer 
to an organized product of past stimuli and sometimes of past 
reactions: it seems plausible to suggest that both modes of 
behaviour exist, the former being more determined by the 
immediate past and the latter less so. Yet neither is of the types 
illustriUed in Fig. 1 a or Fig. Ic, and so should be distinguished 
from them by some such label as ‘ schematic behaviour 

gam, Bartlett refers in some places to the mechanical running 
♦u ° Poetised habit as an instance of schematic memory: 

oug as Oldfield and Zangwill point out a mechanical running- 
o seerns a very different process from the continually changing 
pos ura schema of Head. Yet habitual action and the postural 
sc ema are oth instances of partial preservation of information 
rom sequences. To illustrate this, let us consider the sequence 
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Fig. Ic performance with its large demands, is unlikely to be 
possible for more than one sequence at the same time. This 
seems to correspond to the everyday notion of the indivisibility of 
consciousness. Yet the capacity of the nervous system could 
obviously be equally fully occupied by a large number of simul- 
taneous type Fig. 1a or b tasks using large ensembles. The man 
would be performing a number of simultaneous tasks none of 
which would normally be regarded as fully conscious: yet he 
would be in a normal physiological state and might often be 
spoken of as conscious. Thus there seem to be certain dangers 
and ambiguities in the use of everyday language, despite the fact 
that it has preserved a fact about behaviour which is important 
and which is neglected by S-R language. The present approach 
tries to avoid these dangers, but to keep the great advantages of 
the Bartlettian view. 


CONCLUSION 

The present chapter has gone far afield. In general it performs 
a purely logical function: it has demonstrated that the capacity 
of the brain will limit the number of tasks that can be performed 
simultaneously and so that part of the information presented 
must be discarded. This seems to the writer to be simply a 
ground-clearing process. The more interesting question to an 
experimentalist arc the principles which govern the discarding 
of information, and wth these we shall be concerned in later 
chapters. But the ground-clearing seems to be necessary at the 
present stage of psychology. 

The later parts of the chapter try to show broader implications 
of this logical analysis, and to relate it to earlier views. In 
particular, three types of stimulus-response coding were dis- 
tinguished, of which most verbal behaviour uses the one demand- 
ing the largest capacity. These distinctions are closely parallel 
to those made by Bartlett (1932), Such descriptive distinctions 
are not, of course, answers to problems. But it is better to state 
a problem clearly for further investigation than to ignore it, as 
theories other than Bartlett’s have done. These general issues, 
howc\’cr, may be left aside by readers who arc unconWnced of 
their importance: and the argument of the first part of the 
chapter taken up with fresh illustrations in the next chapter. 
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regarded the behaviourists of the time when he wrote as equating 
there is no problem of consciousness ’ witli * there is no problem 
that cannot be stated without using that word*. The latter he 
felt was true, but the behaviourists passed illegitimately from it 
to the former proposition. Certainly no S-R theorist has ever 
emphasized the considerable diflTcrence between the three modes 
of response shown in Fig. 1, and this does seem to be connected 
with their lack of interest in human verbal behaviour. To the 
writer it seems that such words as * consciousness ' are too broadly 
use or any exact definition, but from ordinary observation it 
may e thought that the adjective * conscious ’ is most properly 
applied to verbal rather than bodily acts. Introspection is almost 
a w^s ver al, and when verbal and bodily response disagree as 
in the experiments mentioned earlier in the chapter, it is often 
said that the bodily actions are ‘ unconscious Yet many bodily 
attions are characterized as conscious or deliberate: in general 
mese seem to be those which are determined by a whole sequence 
ii example, attending a graduation ceremony 

whirl, ^ ^ regarded as a conscious act. It is a response 
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how much has been lost by removing the low and high notes 
from speech ? If the system is to be used under some circum- 
stances, it may be that it will be heard extremely faintly. It 
might, for instance, be a portable radio for infantry to carry on 
patrols close to the enemy lines, where only the least possible 
sound can be made. Under such conditions the ear is in any 
case insensitive to frequencies much above or below 2000 c/s; 
and consequently the narrow band-width of the portable radio 
may be quite unimportant. On the other hand, the radio may 
be used in a place where the listener can turn it as loud as he 
likes, but unfortunately is a long way from the transmitting 
station, and so increases background noise as well as the speech 
he wishes to hear. At intensities well above threshold the ear 
becomes more equally sensitive to different parts of the spectrum, 
and so the loss of the information contained in the upper and 
lower frequencies may be a handicap in trying to understand 
speech at low signal-noise ratios. Finally, the radio may happen 
to be used in an aeroplane which makes considerable noise in 
the region around 2000 c/s, but rather little at any other frequency. 
(It would be an unusual aeroplane, but this is irrelevant.) In such 
a case our narrow band-width radio might be useless while one 
which passes an equally narrow band in another part of the 
spectrum is perfectly adequate. 

These considerations are of course well known to telephone 
engineers, and in predicting the intelligibility of speech over a 
given system the spectrum of the noise and the levels of speech 
and noise must be considered. Much progress has been made 
towards the goal of calculating intelligibility from these data 
(Fletcher 1953), though perfection has not yet been reached. 
But in addition to assessment of a circuit by intelligibility testing 
there are other criteria which may be applied to it. An 
intelligibility test normally mvoh’cs transmitting a standard list 
of words over the channel, and obser\’ing how many of them arc 
correctly reported by a listener at the other end. High 
intelligibility may be scored by this method even though the 
listener complains that the speaker’s voice is quite unrecognizable. 

He may also say on occasion that he is achieving high intelligibility 
scores only by considerable * mental effort *. Richards and 
Swafheld (in Jackson 1953) give these three criteria, of inielli- 
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THE ASSESSMENT OF COMMUNICATIONS 
CHANNELS FOR EASE OF LISTENING 


The Multiplicity of Criteria 

The title of this chapter must not be taken in too broad a sense. 
We are not going to review all the known data on the intelligibility 
of speech through noise; such a purpose was disclaimed in the 
first chapter. We shall make, however, the point that no one 
experiment can fully assess a channel for all purposes: this 
point sometimes seems to have been neglected. In addition, we 
s a make some factual points of importance to the general 
ar^rnent of the book. Chief of these is the demonstration that 
IS enmg to speech may be incompatible with perfect performance 
on a simultaneous non-verbal task, provided the latter represents 
the transmission of much information. This supports our 
abstract argument of the last chapter, and leads up to the 
“i’’ *“ non-verbal tasks in the next 
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both Upwards and downwards, and 0 c/s (absence of trans- 
position). With each degree of transposition, three levels of 
high-pass filtering were employed: removing the frequencies 
below 660, 440 and 0 c/s respectively. There were thus 
obtained fifteen different recordings, each of the same fifty 
words and each with a different combination of transposition and 
high-pass filtering. 

The intelligibility of the various conditions was assessed in 
two ways : by mixing the speech with noise until the undistorted 
and unfiltered version gave a score of about 75 per cent correct, 
and by reducing the speech in intensity without adding noise, 
until intelligibility of the ‘ normal * version dropped to about 
the same point. Whichever course was adopted, all the recordings 
were played at the same intensity and signal-noise ratio to a 
number of subjects and the intelligibility scores of the various 
recordings compared. The two methods of assessment were 
used on different groups of subjects, and the order of presentation 
of conditions was of course suitably counterbalanced. When 
comparing the conditions under noisy circumstances, ten naval 
ratings were used as subjects, and their scores are shown in 
Table 1 (see p. 79), 

It will be seen from Table 1 that both transposition and bass- 
cutting reduce intelligibility when noise is present. But the 
effect of transposition is much less when bass-cutting has been 
carried out. With 660 c/s bass cut, upward transposition has 
no effect at all; while with no bass cut upward transposition 
reduces the score of every subject (p<0'002). Although do^vn- 
ward transposition has a greater effect, which has long been 
known, this effect is greater when no bass cut is present. Once 
again, all subjects showed a larger difference in the one case than 
in the other (p<0-002). In other words, once the speech had 
had the low frequencies removed transposition had little further 
effect on it: this is consistent with the vie^Y that transposition 
affects chiefly the low frequencies. One might expect that in 
that case transposition as well as bass-cutting would have little 
effect when the signal was made very faint, since that makes the 
low frequencies less important. 

The second group of five subjerts show that this is so, and the 
results appear in Table 2. (The 200 c/s transpositions have been 
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gibility, absence of effort, and distinguishability from the original, 
as essential. They relate them to the capacity of the telephone 
circuit and point out that in general the last two criteria set 
higher standards than the first. This means that a telephone 
which has a satisfactory signal-noise ratio and gives high 
intelligibility scores may be unacceptable in practice, because it 
gives unrecognizable speech and requires ‘ effort To quantify 
these criteria, Richards and Swaffield use a standard sample of 
speech which is rapidly interrupted (on the average 500 times a 
second); they then vary the proportion of time for which the 
channel is interrupted until the speech is assessed by a listener 
as equal to ^e channel under consideration. 

Periodic interruption of a channel in this way is a case of a 
distoruon, other than the filtering out of certain frequencies or 
the introduction of noise. Another case is the transposition of 
requencies by a constant amount. Some experiments on 
his topic have been carried out to show that such distortion 
has an effect whose importance varies with the criteria applied, 
in a consider. The shifting of all frequencies 

gc y a constant amount is a distortion which may be 
s4tem InH wideband (SSB) modulation 

from o’eneral 'w I “ ®'>™,>mportance. One would expect 
have the mn t ^ ^ Principles that the distortion would 

where ft T T"™,' '•>" '“'ver frequencies, 

roifpat 

A ohfnedlV r, frequencies, 

random o/rr^ recorded in two different 

w’ords of famjr ' contained fifty one-syllable 

he ifst as r'hn S‘™8 “ c^positin to 

S houn h the hi "> *'■« “f 

■hteneT^td ^ “ P^bably less perfect for the British 

used by Hirsh et “^“""™ts, than for the Americans 

reasonable one in the abs'eX‘’™f“T''°" 

The original tapes were fu adequate data on the British. 

system, Ldth?eutrt of 

Five deerees of traL ■ ■ recorded on other tapes, 

suitable adjustment of'’ the °SSB^ frequency were produced by 
ttie SSB system: 800 c/s and 200 c/s 
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Transposed Speech and Simultaneous Tracking 

Both transposition of frequency and filtering out of the low 
frequencies have their effect by making unavailable the informa- 
tion carried by the lower end of the spectrum, as we have seen. 
But they do so in two different ways. Filtering removes the 
information altogether, leaving only the remainder of the 
spectrum. Transposition changes the familiar signal into an 
unfamiliar one at low frequencies, making it effectively into a 
noise, though not one which will produce any extra masking 
effect at higher frequencies. Thus the listener to transposed 
speech not only loses part of his information but also has to 
distinguish the remainder from other sounds. Correspondingly, 
transposed speech sounds peculiar and unnatural, requiring 
attention, while filtered speech is more straightfor^vard to under- 
stand. 

Two fresh experiments were performed to study the effect on 
a visual task of listening to distorted speech. It will be clear 
from the last chapter that the visual task should be one which 
requires the transmission of much information : that is, involving 
a rapid series of unpredictable stimuli. A high-speed tracking 
task was used to meet these conditions. A wavy line of brass 
contacts passed rapidly beneath a pointer whose position was 
controlled by the position of a hand-wheel. The line was 
screened from the subject’s eyes until just before it reached the 
pointer, so that keeping the pointer on the line of contacts required 
continual attention. This tracking task is known as the triple 
tester, and since its war-time development it has been used a 
good deal as a standard task for experimental purposes : see, for 
example, Eysenck (1947). The score is the number of contacts 
touched in any run. 

While performing this task, the subject was presented with 
the same recordings mentioned earlier in the chapter, but at a 
normal listening level and without noise. Only six conditions 
were used: the two downward transposed conditions and the 
untransposed one, each with 0 and with 660 c/s bass cut, and 
presented in a suitable random order. Table 3 shows the 
percentage of words which the six naval rating subjects were able 
to repeat correctly. In general the results are similar to those 
in Tables 1 and 2. 
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omitted from the table, although they were presented to the 
subjects. Due to variation in tape quality the sound level was 
different in these recordings.) Both types of distortion are 
clearly less important in Table 2 than in Table 1. This not 
only confirms our suspicion that transposition has a greater 
effect on low frequencies, but also assures us that the very 
slight effects shown in the bottom line of Table 1 would not 
have been larger had the untransposed bass-cut speech been more 
intelligible in that table. In Table 2 the untransposed bass- 
cut speech gives as good a score as the completely normal 
speech in Table 1, yet transposition upward has no effect on 
it at all, and transposition downward has an effect significantly 
less {p<0-01) than in the top line of Table 1. Thus the 
absence of effect in the bottom line of Table 1 is not simply a 
statistical artifact due to ‘ the speech being so unintelligible it 
could get no worse 

From a practical point of view, it should be noted that the 
filtered speech was in these experiments always kept at constant 
level per^ cycle within any one experiment. That is, when low 
frequencies were removed the upper parts of the spectrum wer® 
not raised in intensity to keep the total level of the speech constant. 
But m radio systems it will usually be possible to transmit a 

would be available for 
that band if other frequencies were also being transmitted. 
I he lesson of these fibres is that, when a satisfactory speech 
signa czn e transmitted using high frequencies only, the 
ehert of transposition will probably be unimportant. Further 
b^ work are given in an unpublished report (Broad- 


'hat other forms of distortion 
i^j ^ tormg out of certain frequencies will have an effect 
i <5 circumstances under which intelligibility 

wUl be little inferior to ordinary 
Sd T =>0 at higher intensities in noise, 

freouen^p. whose energy is least at the low 

of criteria to h j ^ illustration of the multipliciy 

us to oiir m ■ communication channels: and leads 

j nect on other simultaneous tasks. 
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more interference with a simultaneous task. If so, the effect 
would be less likely to appear if the amount of information 
handled in the two simultaneous tasks was reduced. In support 
of this view, a fourth experiment was carried out in the same 
way as the last experiment but using only recordings of spoken 
digits instead of the list of fifty words. The ensemble of 
possibilities is here far smaller, and thus a smaller capacity is 
required. In keeping with this change in the situation, the 
various distortions produced no significant changes either in 
intelligibility or in the visual task. The detailed results are given 
by Broadbent (1955). 


Binaural Presentation and Simultaneous Tracking 

Too general a conclusion could not be drawn from the results 
just given, since the case of transposed speech may be a specif 
and peculiar one. Before we assert that non-verbal tasks can be 
impaired by bad speech communications, some other form of 
deterioration should be tested. In particular, the criticism 
should be noted that transposed speech is very rare m nature 
while filtered speech is not: a speaking tube or an echoing room 
is likely to produce filtering. It might be unfamilianty which 
caused the visual task to deteriorate, rather than the presence ot 
irrelevant sounds. The following experiment, however, shows a 
similar tSect in a case in which the familiar situation is the more 


difficult to combine with a visual task. ^ 

The same tracking task was employed, and once again subjects 
were asked to listen while performing it. In this case, I'™''"- 
they did not have to repeat continually each word of a test list 
as it arrived. They were presented with a medly of ‘ttclevant 
messages such as might pass between aircra t an e app 
controllers of an airport. From time to time a particular call- 
sign was inserted unexpectedly amongst this babd, and t e 
listener was asked to report that he had heard it Them 'vere 
two conditions. In one case the irrelevant ^ 

call-sign were presented mixed through conventional head 
phone!. In the mher case there tvas tivice as nt-h irrelevant 
material hut half of it was presented to one “ 7 '°“ 
other half to the other ear alone. The desired 
unique in being presented to both ears simultaneously. From 
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But our main interest in this experiment lies in Table 4: how 
was performance on the visual tracking task affected by listening ? 
It is immediately obvious that bass-cutting and transposition 
have different effects. The latter, applied to unfiltered speech, 
causes a drop in performance on the visual task. All subjects 
showed the effect, so ^<0-05. But filtering has no such 
significant effect. This difference in the two kinds of distortion 
is suggestively parallel to the difference in the physical changes 
they produce in the signal: one simply removes information 
while the other converts it to meaningless sound. The latter 
therefore places a greater strain on the listener, since the same 
amount of remaining information must be distinguished from 
irrelevant sounds in that case but not in the other. This 
interpretation is supported by the effect of bass-cutting on 
transposed speech: it restores efficiency on the visual task to 
the original level, as would be expected if the cut was simply 
removing the meaningless irrelevant material. All subjects did 
oZ bass-cut condition than in the unfiltered one, with 
— SUO c/s transposition, so /»<0*05. 

In TablM 3 and 4 there are cases of equal intelligibility but 
u“ ii'so “ses of unequal 

mtelbgibaity but equal tracking performance. This is very 
g evidence of the need for multiple criteria in assessing 
communications channels. It seems desirable to consider not 
hut nl ^th" ^ igibility obtainable from a given speech system, 

ulv h t be performed while 

using that system. 

ference*^^!!””’ have here evidence that the inter- 

pec^ar t, ‘be numerous experiments in Chapter 2 is not 
AdmtoedwT ‘“''“i- ^ "o^bal task can also be affected, 
kind- it can h interference is of the same 

tion in the usual ^ ^ handling of too much informa- 

are onl differences in the listening task 
don Bm 1 ‘ban relevant informa- 

ir^hawer 8 “ Chapter 2, and argued 

the neural mechanism bmhrtth-'^ undoubtedly occupy part of 

it eained for tU ^ dus was justified by the advantages 

py more of the mechanism and so cause 
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instruments alone, while simultaneously listening to a radio 
transmission in order to pick out a particular call-sign. The 
same two varieties of listening were used. That is, the call 
was either mixed into ordinary head-phones with a number of 
irrelevant messages, or else split head-phones were used with 
a double number of irrelevant messages half coming to one ear 
and half to the other. In the latter case the call-sign was unique 
as being the only message heard on both ears at once. 

The.movements of the aircraft were recorded by photographing 
the instruments every 15 sec, the prescribed pattern of manoeuvres 
taking just over 15 min. The film records were afterwards 
analysed by examining each frame to see whether the height, 
speed and course were within certain set limits of the prescribed 
pattern: and the number of frames in which the limits were 
exceeded was totalled separately for each instrument. 

Too much reliance must not be placed on the results, since the 
experiment was subject to the usual hazards of field studies in 
full measure: but they do confirm the laboratory findings. On 
six pilots studied, the altimeter was the instrument showing the 
most errors, followed by the direction indicator and the air-speed 
indicator in that order. The order probably reflects the stverity 
of the limits chosen, and also the fact that the pattern required 
more changes of height than of the other variables, and more 
changes of direction than of speed. But the point of importance 
to us is that the most difficult part of the task, control of height, 
was performed significantly worse in the mixed listening 
condition (p<0-05), which was as usual the more difficult 
way of listening. Control of speed, on the other hand, was 
unaffected; while direction showed a small and insignificant 
change in the direction of more errors in the more difficult 
listening condition. 

This result again supports our view that complex non-verbal 
tasks may be impaired by a simultaneous listening task of some 
difficulty, though reduction in the difficulty of either may reduce 
the interference. Our three experiments have sho^vn that 
tracking can be impaired either by transposed speech or by mixing 
relevant and irrelevant speech with no binaural cues to distinguish 
them: and that the latter condition ■will also impair the harder 
parts of the task of flying an aeroplane. 
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the results given in Chapter 2, this should favour correct hearing 
of the call-sign, particularly since binaural summation would 
increase the apparent loudness of the call-sign as opposed to 
the irrelevant background: as well as altering its apparent 
localization. 


Twelve naval ratings performed this task, half receiving each 
condition first. The second of the two conditions described did, 
as expected, show more correct detections of the call-sign ; though 
the difference was only significant at the end of the run. What 
was most striking, however, was a change in the efficiency of 
the tracking performance. The mean score was 982 with the 
binaurally separated presentation, and only 897 with the mixed 
presentation, /><0'05. Once again the easier listening condition 
gives better simultaneous tracking. Further details are given by 
Broadbent (1958b). 

The visual task, however, is still the same as in the previous 
experiment. A third investigation (Broadbent and Ford 1956) 
has compared the same two auditory conditions with a different 
visual task. To explain the choice of the latter it may be desirable 
to outline the practical purpose of these investigations. Pilots 
m radio contact with their home stations may hear other stations 
at the same time. The reason is simply that too many stations 
are using too few channels. If there are ten possible channels 
m a given frequency-band, and forty-five stations to use them, 
tnere is bound to be some overlap. However, if each station 
channels, every one of the forty-five could 
have a pair which was unique. Each station would share each 
othir with many other stations, but there would be no 

to tw channels. If a pilot listened 

T % channels of his own 

both radioi^^^Tf I’® tlie only station to be common to 

on^rtheV n the other 

ears A<i n ’ correct station would be heard on both 

this technique may be 
availability of p amount of overcrowding, on the 

ment u^iina niint • ..l • to another similar expen- 

this case to Lrf “ The visual task was in 

th.s case to perfom, a prescribed series of manoeuvres flying by 
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handling, but non-verbal tasks wth such a high rate should show 
similar effects. In the next chapter we will abandon speech 
altogether, and enquire into the effects of meaningless sounds on 
visual, non-verbal, tasks. 


Table 1. The percentage of Kords correctly heard in noise under 
various kinds of distortion 


Bass 

cut 

Transposition of 
frequency 


-300 

-200 

0 

200 

300 

0 

18 1 

37 

74 

66 

47 

440 

20 

17 

62 

49 

' 40 

660 

16 

13 

i 32 

34 

33 


Table 2. The percentage of xoords correctly heard at loto 
intensity, under various kinds of distortion 



1 Transposition of 

cut 


frequency 



-300 

0 

300 

0 

43 

82 

77 

440 

43 

79 

79 

€60 

46 

72 

78 


Table 3. The percentage of toords correctly heard with a 
simultaneous visual task 


Bass 

Transposition of 
frequency 


-300 

—200 

0 

0 

63 

86 

97 

660 ' 

67 

58 

81 
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GENERAL CONCLUSIONS 

In this chapter we have seen difficulty of discrimination having 
to some extent the same effects as increase in the amount of 
information presented in a task. This is by no means unusual. 
One of the classic features of human behaviour which suggests 
the application of information theory is the fact that reaction 
time to a stimulus varies with the information conveyed by that 
stimulus (Hick 1952; Hyman 1953; Crossman 1963). The 
larger the ensemble from which the stimulus is drawn, the 
longer it takes to produce a reaction. But it has also been shown 
by Crossman (1955) that when the ensemble is kept at the same 
size the reaction time increases as the different possible stimuli 
are made more similar. It may be desirable to think of the 
stimuli used m any experiment as having positions in an 
m ormation space ’ made up of all the dimensions discriminable 
by the sense-organs. Discrimination takes a shorter time when 
the positions are farther apart as well as when they are few in 
number. Whatever the explanation for this correspondence 
between discrimination difficulty and amount of information, it 
kr^r and it certainly seems reasonable that a 

different' should be required to recognize a small 

f background of unrelated nervous 

with onr sfid earlier in the chapter, this is connected 

some nf Chapter 3 that filtering would itself occupy 

infbLatinn r othe^^vise be available for 

necessary “ situation in which filtering is 

being than a ^ lower value for the capacity of the human 

is necLary. 

speech different 

the limited cana another. This we ascribed to 

selection amorL^tV hstener, which made necessary some 

the present short “i^ation reaching the sense-organs. In 
irrelevant sound<t shown that the addition of 

with a visual and ° ^ message made the latter interfere 

thus bridged the 

in Chapter 3 enen .i tasks, which our discussion 

tLsT^VS —W hat artificial: verbal 

ry likely to be those with a high rate of information 



CHAPTER 5 

THE EFFECTS OF NOISE ON BEHAVIOUR 


A COMPREHENSIVE review of the effects of noise is fortunately not 
necessary, since Kryter (1950) and Berrien (194G) have reviewed 
the earlier work Very thoroughly. Broadbent (1957a) has also 
given a more detailed account than is appropriate here. This is 
fortunate, because the practieal importance of the problem has 
caused a fair number of papers to be written about it. In addition 
it is clear that some sounds are unpleasant, whether by learning 
or innately, and there is therefore a considerable literature of 
rather emotional type arguing that noise should be reduced. 
Examples of statements about noise ‘ driving us all mad and so 
’ on are given by Kryter. It need only be said that there is no 
evidence for such exaggerated claims: indeed, very little positive 
evidence of any effects on behaviour at all. ^ 

To summarize such evidence as is available, there are m the 
first place studies of industrial work before and after noise reduc- 
■ tion. Some of these show improvements in 
the best controlled are those of Weston and Adams (1982, 1935) 
who studied the output of weavers with and without ear-plugs. 
In one experiment they compared two groups over a Petiod « 
time, while in another experiment ear-plugs were worn by the 
same workers on alternate weeks. Such precautions fg^iist 
practice or fatigue effects are not taken by some other industrial 
experimenters, whose results are therefore suspect. In bn* *e 
Weston and Adams experiments the output with ear-plug 
greater than that without, though not *nmatically so. Unfor- 
tunately the statistical methods of deciding Mgni ^ 
are now conventional were not then used, and *e data for *e 
individual workers in the two-group experiment are "“t pvem 
In the alternate-week experiment aU ten 
individually and every one shows the effect so Jat it 
significant. The authors themselves preferred th 

experiment because of changes in , statistical 

from week to week in the other case. More serious than statistical 
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Table 4. The mean score on the visual task tchile listening to 
various distortions 


Bass 

cut 

Transposition of 
frequency 


-300 

-200 

0 

0 

336 

333 

365 

660 

363 

347 

363 
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perhaps of little practical importance, and should be mentioned 
in more detail. 


Transient Effects of Noise 

A typical result is that of Ford (1929). He asked his subjects 
to find a number of digits mixed in a jumble of letters, to add the 
digits together, and to write down the answer. Eighteen such 
problems were given to each subject, and during the middle six, 
a klaxon horn was blown. The first problem after the horn 
started to blow took longer than those done in the preliminary 
practice session in quiet: but this slowing-up effect rapidly 
disappeared. Most interesting was the fact that another slowing 
occurred when the horn stopped after the twelfth problem. In 
other words it seemed to be the change in the situation which 
interfered with the task, rather than the presence of a noise as such. 

Rather similar results have been shown by Morgan (1916) for 
a coding task, and by Hannon (1938) for mental arithmetic, 
though Ford is rather unusual in the amount of emphasis he 
places on the effect of turning the noise off. Pollock and Bartlett 
(1982) also found that a problem-solving task showed an initial 
effect of noise which wore off day by day, but in their case this 
may have been due to automatization of the task with practice. 
The repeated effect found by the other writers as the noise was 
turned on and off cannot be due to practice. Some writers feel 
that the transience of the noise effect may be due to extra effort 
being brought in by the worker, and claim to support this by 
physiological measures of metabolism, etc. But Harmon, or 
example, has found that metabolic effects return to normal as the 
noise continues, and so have more recent writers (Fin e an 


Poppen 1948). , , , 

In general it is agreed by most writers that the sudden onset 
of a noise may produce a very brief decline in efficiency, but that 
this will disappear as the noise continues. For instance, Steens 
et al (1941), who were by no means believers m senous effect of 
noise, designed their noise experiments so that a steady sound of 
90 db was present even in the ‘ quiet ’ control conditions. Th^ 
was to prevent sudden sounds from outside 
reaching the subjects, since such sounds would 
performance. The precaution is a necessary one \\hich the 
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pointe or minor variations in other variables, however, is the 
possibility that an experiment on the shop floor may be peculiarly 
open to suggestion effects, that the workers may approve of 
attempts to improve their lot and so try harder. This point is 
ma e y Berrien and by Krytcr, and it is a valid one: it does not 
disprove the results on weavers, but it makes laboratory confirma- 
tion with controls for suggestion desirable. It is only fair to 
point out that half the subjects in the alternate week experiment 
gave e opinion that ear-plugs made no difference or were even 
positively undesirable: yet, as has been said, all subjects did 
weeks when they wore plugs. It seems a little 
difficult to ascribe this to suggestion. 

point which bears on the role of suggestion and 
ment wer^^^^T^ S'^oups in the second experi- 

were at tho experiment than they 

mavbeapv/'l’^fi^”*^®'- Adams point out that this 

in S^phs provide some evidence 

effect miffht h equally the decrease in the 

wTrkerT of "“""g “f 'he "ovelty. to the 

poTnt ofilrr® 'tl u experiment. A final 

less at the bem ** difference bettveen the two groups is 

hi t the 'T,"”® '"”"‘"8 i' i" *e day, 

™c.*This f:fcris of r ■" 

to be mentioned later- b “* of laboratory findings 

subjects did not give "o‘= 'hat the alternate-week 

between plugs and i^r , ^he difference 

during the morning, buuhis'tim JT 

day but rather at maM ^ beginning of the 

oar^plugrone we^r®' H "T 

beginning of each day in®the '* '^'^dapt themselves at the 

these last findings are worth S 
As has been Said ntTs as evidence, 

than those of Weston studies are less well-controlled 

on the same ground Tr r we may also criticize them 

studies must next be conoid *7 ^^gg^stion. So laborato^ 
controlled, and havp. ^^*^7 of these also are badly 

the remainder some show^'a stXT^^ criticized by Kryter. Of 
no effect at all. Thf. (■« transient effect, and others 

rmer are of some interest to us, though 
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analysis of more information might be expected to be more 
difficult. It seems well supported by experiments in other fields, 
•however. For example, Hyman (1953), working with visual re- 
action times, found that as the ensemble of signals increased the 
reaction time went up, confirming the finding by Hick (1952) 
that reaction time was proportional to the information in the signal. 
When Hyman altered the frequent^ of the signals instead of 
having them equiprobable, he found once again that this decrease 
in the average information per signal did give a decrease in the 
average reaction time. But reactions to the least common signals 
were faster than they should have been on information calcula- 
tions. Once again there seemed to be an undue bias in favour of 
the unusual event. 

Berlyne (1951a) also used visual reactions but required the 
subject to react only to one out of a group of simultaneous signals , 
and the most frequently chosen signal was recorded. After a 
sequence of similar groups, if a group was presented in which all 
members but one were familiar, the unusual signal was the most 
likely to be chosen. The same author, using rats (1950), has 
introduced the animals to particular objects, then removed them, 
and faced them later with some of the former objects and a new 
one. The animals spent more time investigating the new object 
than the previously experienced ones. As he points out, the time 
scale is in this case different, but once again the unusual stimulus 


is more likely to elicit a response. 

If the response to a fresh stimulus is particularly efficient, it 
does not seem plausible that the inefficiency of work, done just 
after a noise has been turned on or off, should be due to a ge^l 
decline in ability to respond, due to some conapeting startle 
response. Such a competing response should interfere wiffi 
responses to the novel stimulus itself as well as with responses o 
other stimuli. It seems rather more likely that the man is una 
to respond to visual stimuli from his task because he is tabng m 
infon^ation from the ear; so he would actually be more efficient 
on responses to the auditory stimulation. Our view of the 
events within the man would be as follows. 

His capacity is limited, and therefore a fflter p aeed early in h s 
nervous system selects only part of the 

sense-organs. This will normally represent information necessaiy 
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present writer has also adopted: there is no doubt that the 
transient effect from onset of a noise must be distinguished from 
the possible long-term effects, and therefore sudden noises should 
be excluded from experiments on the lasting effects. The latter 
are also of more practical interest than the former. But the 
interpretation of the transient effect raises points which will 
reappear in the more important case of prolonged noise. The 
onset of a sharp sound is known to be a stimulus for a ‘ startle 
response which involves general muscle contraction, blinking 
and so on: the sort of response which some people refer to as 
jumping out of my skin This response has been studied by 
Landis and Hunt (1989) and found to be still present in diminished 
orm even in experienced pistol instructors when firing. This 
gener^ undifferentiated response might be regarded as interfering 
with the response to the visual task: that is, the worker effectively 
stops responding for an instant and then begins again, because his • 
task response could not occur at the same time as his startle 
response. Such a theory is plausible, but it would suggest that a 
man who had to make some response to the sound (other than the 
unlearned startle response) would also be hampered until the 
disappeared: any response to a novel sound 
a<i viol w efHaent than response to a more familiar one, just 
tv, 1 suffer more when a man has to ignore a novel 
. ’ , to ignore a familiar one. But responses 

dLe^lL particularly efficient: it is worth 

A Darter?! Consider the evidence on this topic. 

deserL'nw ^ example was given in Chapter 2, when 

(1950) on listening to 
frequently from eudspeakers. If the messages came more 

quilt speaker “ message from the previously 

from the nre ■ 1 be correctly heard than a message 

wrput foC n the filter theory 

quiet channels and biassed towards previously 

chance of rearTi* ^ ormation on busy channels has a lower 
we a“ nd speech, 
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were asked to follow a moving target for 4 hr. A 2 min burst of 
noise was presented at some time during this period, but did not 
impair the work. When it was presented towards the end of the 
period, it actually improved efficiency; subjectively, the operators 
reported that the novelty of the event relieved the monotony of 
the long work-period. Here again we seem to have a novelty 
effect, though of a sort somewhat opposite to what might have 
been expected: the operator does not attend to the novel sound 
at the expense of his work. There may, of course, have been a 
highly transient drop in efficiency at the beginning of the noise, 
comparable with that in the earlier experiments. (Efficiency at 
various points within the 2 min spell was not reported; Wood- 
head (1958) has recently reported that when a short burst of sound 
is presented during a continuous rapid series of visual stimuli, 
there is an interference on the few stimuli arriving just after the 
bang but this disappears in a matter of seconds so that perform- 
ance over a 4 min period is quite normal.) But if so the re- 
adjustment was no slower because of the prolonged time during 
which task information had been arriving. The filter may have 
shifted channel, but if so the time of the shift was brief. This 
is a point which will be taken up again later : we shall see that the 
presence of noise, according to one interpretation of the experi- 
ments, affects the probability of shifts of the filter, but not their 


duration. 

The second set of war-time experiments were done at Harvard 
(Stevens et al. 1941). In this case a large number of tasks were 

used. The subjects worked 7 hr days, and 115 db noise was pre- 
sented on some days. The noise used was predominantly low- 
pitched, and was continuous. Counter-balanced d3}s were in 
quiet, which was, as mentioned above, 90 db. The noise ex- 
posures were thus lengthy. The tasks however were all restricted 
to 15 min or less in length, in order to maintain mom-ation. bach 
subject was therefore changing from task to task at frequent 
imer\'als, although the noise remained constant. In addition there 
were four 5 min breaks and one * hr break dunng the d^;^. :dl 
spent in the noise. The five subjects used were arefully seiected . 
they were all recommended by competent ju ges m genera j 
willing and able to work, and thej* were screened for auditory 
and visual defects. All of them had a high educational standard. 
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for his task. The filter has a bias, however, towards channels on 
which any novel event occurs. Thus the onset of a noise causes 
the filter to select auditory information, and so task information 
does not reach the perceptual system. As the bias is only towards 
novel events, the status qud is rapidly reestablished and efficiency 
on the task returns to normal. Stopping the noise will produce a 
similar temporary change. 

As has been said, this view seems more plausible than that of a 
man thrown into a momentary inability to respond by any mode: 
but on either theory the fact that the onset of a noise causes a 
drop in the efficiency of a visual task is a limited capacity pheno- 
menon. We are passing now away from the verbal tasks we first 
considered, and have shown that under suitable conditions an 
irrelevant noise will interfere with a visual task. But we must 
now emphasize the time for which the stimuli are applied: the 
the noise first begins. 

ihe factual question which next requires an answer is; does 
any interference reappear after prolonged work ? Is there any 
effect of noise ? Or, in terms of our theory, when the 
auditoiy information and returned to 
wfli ‘ ear ? If it does, this 

taltPn *o'''3*'ds novelty must not be 

the bias is towards 

filtpr recently passed information through the 

don towards channels on which no stimula- 

o.Mv types of mechanism are 

^ experiment can decide which is in fact 
present, and such experiments are our next concern. 

Experiments Showing No Effects of Noise 

counted™.fr„,“‘'’™”T ^ mentioned could be 

By the dose of the “ transient one. 

forming as well in ml™*"’’””'* subjects were usually per- 

short, of the order ‘he period was extremely 

using longer wnrt «« • j of the early experiments 

But the Lin evidL™ tLr ' 

long periods in nnic performance can be maintained for 

adequately based j war-time researches, which are 

equately based. In one case, at Tufts College fl942). operators 
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through the man its rate of arrival is uneven and predictable. 
Thus in psychophysical experiments such as judging distance, or 
in tasks such as choice reaction, each signal occurs at a time which 
is roughly known to the subject and is preceded and followed by 
intervals in which little or no task information reaches the sense- 
organs. During these intervals the man could show good per- 
formance even though he closed his eyes. If something similar 
were to happen internally, if the filter were to cease to pass visual 
information, performance would not reveal the fact. The tasks 
of which this is probably least true are the two involving control 
of spots of light by aircraft controls: in these the information 
presented might be regarded as arriving more continuously. 
But one of them was regarded as fairly easy, and presumably 
therefore represented a low information rate, while the other did 
in fact show an effect although this was attributed to auditory cues. 

In general, quite apart from the nature of the tasks, we would 
expect effects of noise to be slight in these experiments if \ye 
maintain the views put forward in the last section. We said 
there that apparently a novel stimulus, whether the beginning or 
ending of a noise, would tend to be passed by the filter. If noise 
continues steadily for some time (7 hr) while the task changes 
every 15 min, the task information is particularly likely to pass 
the filter and so no effect of noise would appear. Further, it 
should be noted that in this experiment all the tasks were practised 
by the subjects before the measurements were made: as we con- 
sidered in Chapter 8, practice will alter task performance by 
reducing the amount of information needed for success. Practised 
tasks may well be more resistant to distracting stimulation, except 

when crucial information arrives. 

The last experiment showing negative results which we shall 
‘ consider is one by Viteles and Smith (1946). It is important 
because the conditions used were different from those of 
Harvard experiments. The tasks were all longer, at east f r. 
They all involved quite high rates of transmission of information: 
for instanee, they included coding using a typewriter, mentd 
multipiication of three-place by ttvo-place numbers, visual 
threading of mazes, the finding of particular locatioris in a ^d of 
rows and columns, the inspection of bvo numen se 
search of cases in which both members of the pair were the same. 
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Certain tests used definitely showed an absence of any noise 
effect. These included choice reaction time, card sorting, trans- 
lating written codes, judging distance, and a task requiring the 
subject to keep a cathode-ray tube spot in a fixed position by the 
use of aircraft controls. Another such task was the pursuit rotor, 
m which a small disc on a gramophone turn-table is followed with 
a stylus. 

Some other tasks showed inconclusive results owing to high 
variability either between subjects or between performances of 
one su ject. These included speed of accommodation, dark 
adaptation, reversible perspective, hand steadiness and measures 
ot muscle tension, metabolism, and breath rate. There was also 
ano tas involving aircraft controls, this time used to direct a 
beam of light at a series of targets. This task showed an apparent 
deciHpH accuracy, but it was later 

the relflvQ have been due to auditory cues from 

be mnrJh I e mechanism: such cues would naturally 

be more helpful m the quieter condition. 

results? First, that the 
throw the pnf° sound energy at the ear does not 

frcLTjT' Apart from the 

SlSren it i® consistent with 

percep" -"sory sjuli are passed to the 

view these evn^. • * same time, from our present point of 

to minimiae the efea 

throuXlfman wSo“w fn '■'“stnissioii of information 

it is difficult tn i. \ instance, reversible perspective 

such tasks as hand ut ull: and in 

external ‘>>e pursuit rotor, there was no 

responding. Of co '*^®*™ation to which the man was 

intended if hi«5 when the man’s action was not quite as 

be fed back through “f“™stion on this fact would 

action. But this i<s tr„ system to produce a corrective 

kept still or moved in ^ ^ when the hand is to be 

mitted must be Ies<i tif pattern, the information trans- 

made to a series of diffeTeuT sSn^dr'"' “ 

e other tasks, although information might be transmitted 
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teristics, as in the cases already discussed, and almost all use 
selected subjects. These are in no sense criticisms of the experi- 
ments, since it was essential to find out whether noise has any 
obvious cataclysmic effect before looking for more subtle changes. 
Nor does the fact that the negative experiments have these features 
in common necessarily mean that an experiment which did not 
have them would show any effect. Yet some experiments with 
positive results do exist, which will be discussed in the next 
section, and it is important to realize that this is not a direct 
factual conflict but merely a difference in experimental conditions. 

Experiments Shomng Effects of Noise 

The first experiment to be considered was deliberately designed 
to avoid the conditions which the negative experiments had in 
common. That is, the task and noise exposure were long, vital 
information might arrive at any time, the subjects were unseJected 
except for normality of hearing, and the noise used was 100 db 
with roughly equal energy in each octave of the spectrum. The 
task was to observe continuously twenty steam-pressure gauges, 
and to turn a knob if any of the gauges showed more than a 
critical pressure. This task went on for 1| hr, during which 
fifteen signals were presented at various intervals and without 
warning. In other words the subject spent most of his time 
doing nothing but at any instant he might have to respond. The 
time taken to respond was recorded : as the display was deliber- 
ately a poor one, not based on the best human engineering prin- 
ciples, only about a third of the signals were seen in less than 3 0 sec. 

A considerable amount of work had been done on this task 
with diff’erent subjects before the noise experiment began. The 
most relevant result at this point is that a practice effect appeared 
between the first two runs, but that if five runs were given on 
successive days the third and fourth runs were not inferior to the 
second and fifth. Accordingly in the noise experiment ten 
subjects were given 2 days work at 70 db, 2 days at 100 db, and 
a last one at 70 db. These subjects were naval ratings taken at 
random from a unit maintained in Cambridge. This source of 
supply had the advantage that the subjects were accustomed to 
working in very high noise levels, though not of course in the 
particular noise used in this case. 

7 
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^ circular pattern by the use of two controls as 

ma at e. The six subjects were not so rigidly selected: theyhad 

concluded their education after high school. Three noise levels 
vere compare , 70, 80 and 90 db, the noise being that of an 
that the highest noise level 
hmir ^ quiet * of the Harvard experiments. Four- 

werealsotdop"e? temperature 

not dtop as the noise 
was sionifi!^ ^ naultiplication and number checking tasks it 
sents an n ^ gteater at 90 than at 70 db. But output repre- 
that hrlffT •'f ™tk-period of at least J hr, so 

reflected in ft If '''*“0* information would not be 

mistakes which failures might possibly be reflected in 

muItioUcation a s'gnificamiy in noise in the mental 

han7shol"-fn,1:''‘‘''? The locations task, on the other 

might possiblv^hi. y 0“ otrors at the highest noise level. It 
least even in the l7"t' 'i*' handling information was 

but sS statemefft oontinuous in the lathe, 

than are available '^''1''“'“ ^oher details of the actual situations 

consisfent effects flf’n**-'* mtperiment shows no very clear and 
the condMoSted dWorences between 

in view of ”hf Sts m f a" experiments. But 

not too surprising, since 90 db “““o 'f " “ 

positive effect has #>w,. u j lowest level at which any 

There are certain oth™ 

mentioned but which .h ” “Petiments which have not been 
various reviews of the tonic T*'!' = .‘*''y are cited in the 
chapter, and are mnstlxv mentioned at the beginning of the 
They confirm, however t ®*”^*®*' those mentioned, 

as well in noise as in « • ^ inany tasks can be performed quite 
turning on ^^ 0 ^! Tf brief initial effect of 

of them possess at least one ^ writer is aware, however, all 
noise is of less than 90 dh ° characteristics: the 

are short, ot the task is ourfo 

dictable instants in which n« there are numerous pre- 

Many of the experiments r, *"*°tination will reach the worker. 

possess more than one of these charac- 
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subjects are affected but that the task is not one which reveals 
the fact in the score. Detailed analysis suggests the latter alter' 
native, which is indeed the one supported by the point of view we 
are urging. Thus for example if the twenty lights are divided 
into those in the middle of the display and those at the edges, 
the former do show a significant deterioration in noise. This 
effect is diluted by the absence of effect on the other lights, and 
so does not appear in the overall results. Again, the length of 
the average sequence of signals unnoticed for more than 10 sec 
is longer in noise; that is, there is less tendency for periods of 
low efficiency to be evenly scattered throughout the work-period, 
they are rather concentrated at some time. In addition, the 
relative efficiency in noise goes down compared with that in quiet 
as the time since the beginning of the noise condition increases. 
Lastly, and most important of all, some subjects are far more 
affected than others. If wc had considered only subjects who 
showed a practice effect between runs 1 and 2, similar to that 
shown by all subjects on the dials, we would have found an 
effect of noise similar to that on the dials. This individual 
difference is not of course a typological one: there are persons 
showing this pattern of behaviour in all degrees. But a correlation 
between the practice effect and the noise effect is significant. 
Furthermore, it will be shown in Chapter 7 that an independent test 
of susceptibility to noise is also related to educational achievement ; 
which again bears on the interpretation of earlier experiments. 

So far, then, we have showm that an effect of noise can appear 
when the particular conditions of earlier experiments are avoided. 
We have shown by changing the task and abolishing the effect, 
that it really is the particular nature of the work which is important, 
and not some peculiarity of the laboratory where the work v-as 
done. We also have some reason for thinking that the task 
which shows no effect, only does so because it fails to tell us 
everything about the man who is performing it. In various 
rather subtle ways performance is altered, although the average 
score remains the same. Both the tasks we have mentioned so 
far, however, are * vigilance ’ tasks, that is, they require the 
subject to watch for signals arriving at an uncertain time. The 
reality of the noise effect on such tasks seems fairly well-established: 
Jenson and Wing (1957) have shown that about 114 db noise 
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1 A* Startling, the proportion of signals seen in 

css than 10 see being 0-30 for quiet, and only 0-22 for noise, a 
til cent. It must of course be remembered 

nrAH,?'* experiment had deliberately chosen conditions likely to 
ceriai T ^ timse: 40 per cent changes in efficiency will 
certainly not appear on all tasks. In addition to the original 

clLeTv s^;r'l ‘l?^ (Broadbent 1954a), a 

fl956^ tn ^ Loeb» jeantheau and Weaver 

showed Ia, ^ ciency in a stationary and moving tank, and 

there was JaT "t the latter condition. Naturally 

so that its the 'i”'*^ v"' vibration involved in this case, 
hbml™ t • “ ■mplications are less clear than those of the 

"■» ■»“' 

another exoSme^'t of impairment depended on the task, 

cS^tfe sZe™ r “•"'Z*'* (»toadbent 1964a) which was 
signals were made « ' original twenty dials one except that the 
designed dials thev wZ'°'''''i. ^"**“‘* “oninS ftom badly 
proportionZ;iZaIs !! '’5; fl^-th-lamp bulbs. The 

was over twice a?'manv!".K'^!"?* ontical time on the first run 
As was pointed out in Z i^'^ “s with the previous one. 

from irrel”nt Vackgmund h a f'"''’-"’ => "S"!! 

a change in the disnfiv *1^ ^ {^"ction requiring capacity, and 
capacity needed anJl ^ should therefore reduce the 

mL b^e added" kst IhTre stimulation. (It 

of the wav in whiVli ^ acquire a misleading impression 
wayofpJtingZuLr''* 'f 'hat thh .heretical 

An easier display was useVh^ hefotG the experiment, 

workers to J„iZe Ze ‘’*'r 

noise disappeared A. in? "f other stresses.) The effect of 
used in quiet to confirm rt,^ hocn previously 

days, another ten subiert® ^ ^ of any difference between 

of noise and quiet: but th ^ counterbalanced order 

between the noisy davs difference on the average 

°^^^®^t^subjects was considered!^^ 

twenty lights ti'ZZ'that'rtr*‘“i.^® absence of effect on the 
the noise when doing tbio f i ^re truly unaffected by 

g or whether it means that the 
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subjects are affected but that the task is not one which reveals 
the fact in the score. Detailed analysis suggests the latter alter- 
native, which is indeed the one supported by the point of view we 
are urging. Thus for example if the twenty lights are divided 
into those in the middle of the display and those at the edges, 
the former do show a significant deterioration in noise. This 
effect is diluted by the absence of effect on the other lights, and 
so does not appear in the overall results. Again, the length of 
the average sequence of signals unnoticed for more than 10 sec 
is longer in noise; that is, there is less tendency for periods of 
low efficiency to be evenly scattered throughout the work-period, 
they are rather concentrated at some time. In addition, the 
relative efficiency in noise goes down compared with that in quiet 
as the time since the beginning of the noise condition increases. 
Lastly, and most important of all, some subjects are far more 
affected than others. If we had considered only subjects who 
showed a practice effect between runs 1 and 2, similar to that 
shown by all subjects on the dials, we would have found an 
effect of noise similar to that on the dials. This individual 
difference is not of course a typological one: there are persons 
showing this pattern of behaviour in all degrees. But a correlation 
between the practice effect and the noise effect is significant. 
Furthermore, it will be sho\vn in Chapter 7 that an independent test 
of susceptibility to noise is also related to educational achievement ; 
which again bears on the interpretation of earlier experiments. 

So far, then, we have showm that an effect of noise can appear 
when the particular conditions of earlier experiments are avoided. 
We have shown by changing the task and abolishing the effect, 
that it really is the particular nature of the w brk which is important, 
and not some peculiarity of the laborator^l^ where the work was 
done. We also have some reason for tuinking that the task 
which shows no effect, only docs so becabsc it fails to tell us 
everything about the man who is perfortning it. In various 
rather subtle ways performance is altered, Wthough the average 
score remains the same. Both the tasks t have mentioned so 
far, however, arc ‘ vigilance * tasks, that L, ihcj’ require the 
subject to watch for signals arriving at an uheertain time. The 
reality of the noise effect on such tasks seems fairly well-established : 
jerison and Wing (1957) have shown that Ibout 114 db noise 
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produces a decrement in a task consisting of three dock tests 
performed simultaneously. (The clock test is discussed in the 
next chapter: in Jerison’s case the rate of signalling was high, one 
Signal every 20 sec on the average overall, but otherwise the task 
was similar.)* In addition Broussard, Walker and Roberts (1952), 
^ ^^l^^stigating the effect of 90 db noise on the visual contrast 
threshold, found that reaction time to their near-threshold signals 
was onger m noise even though the threshold itself was normal. 

e ex ent to which their situation can be regarded as a vigilance 
task IS discussed elsewhere (Broadbent 1957a); the conclusion 
was that it can. ^ 

knmi! ^^sirable to consider also a task in which signals arrive at 
douTer'' rate of arrival of informa- 

of the 1 * ^ check on our original identification 

that Z 1 it might 

brief selection^f ° '^*1' opportunity for 

imnortlnt vad M “ “f information are not the 

ofviailancetast Z ** unsuspected feature 

raorf ifZ 'S them vulnerable to noise. Further- 

experiments wp numerous negative results from noise 

efficienev which 1 ?"th ®'*PP“® •*'®t noise produces a lowering of 
SrSf =■ period. It must produce 

gaZ ^ntt enough to lie entirely in the 

psycho-physical eZZ information in, for instance, a 

this ineffickney becausrthey 

predictable instants or,a J sample the man s activity at un- 
periods of inefficiency so'l m””' 

essential test of this Xw is tn ? performance. An 

man’s activity is ennttm i'^*^ ^ consecutive task in which the 
whether he is affeetpH h recorded ; so that we can see 

The task u”?(Z“aLri9S 
Leonard. It consists of devised by Dr. J. A. 

each corresponding to a light ‘‘S’'*®' “nd five contacts 

g • When a lamp goes on, the subject 

• Jenson (1957) has found that 

test performed by itself. This h' i.i * . "ot affect a single clock- 
noise only affects tasks in which ® ^ result suggests that 

from one source to another* nil *u , must be shifted regularly 
this type. ^ showing effects are in fact of 



THE EFFECTS OF NOISE ON BEHAVIOUR 95 

must touch the appropriate contact. As soon as he makes a 
reaction, another lamp lights. Consequently there is always 
something to do, and there are no rest intervals between the 
signals. If the man inserts such intervals by making a brief 
pause, possibly followed by faster work to make up, the fact is 
detected by a device whi^ records the number of periods of 
2 sec or more in which no response was made. In addition, any 
touches given to incorrect contacts are recorded. Practised 
subjects do tend to make such errors, surprising as it may seem at 
first sight, rather than to insert pauses in their performance. It 
will be noted that any error is a perfectly well-coordinated 
response, but does not correspond to the particular stimulus. 
That is, it seems to represent a failure in the intake of information 
rather than a breakdown on the response side. As noise experi- 
ments necessarily involve at least 2 days performance, in order 
to obtain quiet and noise scores from each subject, and so avoid 
the need for astronomical numbers of subjects to give an experi- 
ment sufficiently sensitive to overcome the large variability 
between individuals, errors rather than pauses are the main index 
of brief failures to take in task information. 

This task was given to eighteen naval ratings for two i hr 
periods on successive days. One day nvas in 100 db noise, half 
the subjects having this condition first and half second. As we 
might expect, the output of correct responses was not appreciably 
affected by noise: there was an insignificant drop of about 1 per 
cent. But the number of errors rose sharply : it averaged fifty- 
seven in noise and thirty-seven in quiet, a rise of over 50 per cent. 

A second group of fourteen subjects were used as a control for 
suggestion effects. They were seen individually and told that 
noise improves performance. But they still showed a rise in 
errors on noise of almost 60 per cent, so it does not seem likely 
that the original finding is due to suggestion. A very notable 
feature of these experiments was that the relative efficiency in 
noise again declined with time since the beginning of the test. 

If a G min work-period had been used noise would actually have 
been better than in quiet. As in other tests mentioned in this 
section, it seems that the length of the task is truly an important 
condition. 

Another task in which the man is continually handling informa- 



96 PERCEPTION AND COMMUNICATION 

tion and has no opportunity for a shift of attention to non-task 
stimuli, is one devised by Jerison (1954). Three lights face the 
subject, each flashing in a regular but slow rhythm and each with 
its own rate so that the sequence of lights does not repeat. The 
subject has to press a key when one of the three lights has flashed 
a prescribed number of times, say ten. So he has to keep con- 
tinuous count of the three separate sequences of events, and even 
when he responds to one he cannot relax for an instant, as he 
must still remember the state of the other two channels. This 
as s owed more errors in noise, the difference increasing as the 
length of time in the noise increased.* 

By this stage we have reviewed a fair number of experiments, 
an e general conclusions are probably not clear to the reader. 

state them in as simple a form as possible, before pro- 
ceeding to a further test of the theory. 

/‘3r.— Our survey thus far seems to 
noise which is very comparable to blinking 
ibviom “ function which has certain 

Sd r'?' ^ = definite brief 

Each ?f Winks may be high or low. 

system instant n incoming information to the nervous 

First if a man *Ws does little harm for three reasons, 

temoorarilv at °° a novel and important object he will 

S ™ hi, Secondly, although he cannot 

crnLZ^the rTrroc -definitely.^e has some 

knows that nn ri,,,-* 1 • more likely to blink, but if he 

can usually blink atfhat time^*''’ l!' 
task. Thirdlv hp. ' ui avoid interference with the 

.aki;g in iSir. h 1-- - 

with a pointer even while\u7 u ‘''Sularly wandering line 

course do this with m * although he cannot of 

ments about winking '™"-*-ng line.® (These state- 

(1950), sndbyPouItonandGrero?^"r952)0 

^ later Qn&lysis Qf the 

efTect appeared only between^^ CJerison 1956) showed that the 
working in noise and one in cmW groups of subjects, one 

they did not improve when * "nee subjects had worked in noise 
Hhen given qmet conditions of work. 
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Now the effect of noise seems to imply an effect like blinking 
but within the nervous system. The man’s eyes may be open, 
but he does not use the information from them. This failure 
must be brief, perhaps not as brief as a blink, but short enough 
that only errors on the five-choice task are affected. Output 
remains normal. The effect must also be brief enough to fit in 
between the crucial signals of the tasks used by the Harvard 
researches. The failures are also unimportant just after the 
beginning of a task, as blinks are: this appears from the change in 
relative efficiency in noise found in a number of experiments as 
time since the beginning of the task increased. It seems likely 
that when the task involves predictable safe periods in which 
nothing will happen, the failures can be made to occur at those 
times just as blinks can, and so leave the score unaffected. ^ This 
helps to explain the difference between the earlier experiments 
and the later ones in which there are no safe periods free from 
the arrival of information. It is also necessary to suppose that 
the man can continue to act during these failures 'to assimilate 
information, just as he does when blinking; since workers in 
noise obviously do not stop dead for brief instants. ^ 

The resemblance between blinking and the inferred internal 
process is probably not coincidental, since the eyelids may well 
be used to assist the internal adjustments of the nervous system. 
But it seems necessary to suppose some such internal process 
to reconcile all the evidence we have reviewed: the only alter- 
native is a failure of experimental technique on the part of some 
of those involved, and this does not seem plausible to the writer. 
The deduction of * internal blinking ’ from the experimental 


results proceeds as follows. _ , 

If the truth is that there is no effect of noise, the considerable 
changes found by some experiments become unintelligible I 
the effect were a sustained lowering of efficiency, the neptitc 
results of the writer when measuring output on the 
task and of earlier workers using similar measures uould 
to explain. Tims the effect must be one of bj-ef penods of 
inefficiency, increasing in frequency in noise. _ij;_ ,1,, 

were due io a failure of response it would be hard to 
observed possibility of continuous repetitive wor- in ’ . 

the fact that on the five-choice task, co-ordinated but incorrealj 
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chosen responses, are the errors whose measured incidence in- 
creases. Only an increase in the frequency of brief periods of 
inefficiency on the perceptual side will fit all these experimental 
findings. That is, an effect like blinking but within the nervous 


system. 

To say that noise produces brief failures of perception is thus 
entailed by the experimental results. But there remains the 
question of the nature of these failures. The experiments we 
have thus far considered are quite consistent with the view that 
all incoming information is temporarily blocked, as though the 
man was cut off from the outer world altogether for an instant. 
But the filter theory we have been putting forward in this book 
would suggest that the eyes are neglected only because informa- 
tion is being received from some other sense. In ordinary 


language, does the man attend to the noise and so neglect his work, 
or does his mind become a blank for an instant ? These may be 
termed the distraction or paralysis theories. 

This choice of possibilities is closely similar to that considered 
when the effects of turning on a noise were discussed. In that 
case too there was a possibility that the novel stimulus caused 
neglect of task information, and also a possibility that the novel 
stimulus caused a complete failure to deal with information of 
any kind. We decided tentatively, though not conclusively, in 
favour of the former, since novel stimuli themselves receive very 
adequate responses and so seem to be distracting rather than 
paralysing. The same argument can be applied in the present 
case, t oug more conclusively since the startle response can be 
left out of account. If different noises vary in their effect on 
visua tas , they may also vary when used as stimuli for an 
auditory task. On the distraction view, which our filter theory 
supports, the worst noise to ignore would be the easiest to notice, 

nlr w T """ ^ on the paralysis view, the 

noise which causes the greatest disruption of a visui task should 

Lre^«'^Xt ^t causes a general inter- 

also nrovidf* supposed to do so whether it 

also provides task information or not. 

»«re.-The same five-choice 

usti 19S7b). Twenty-four subjects were 

used on th,s occasion, divided into three equal groups. Each 
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group received its own intensity of noise: 80, 90 and 100 db. 
Each man worked for two | hr periods, on successive days, one 
day receiving a noise containing only frequencies above 2000 c/s, 
and the other day receiving a noise containing only frequencies 
below that point. The high-pitched noise produced more errors 
throughout, but the difference was insignificant at the two lower 
intensities. It was highly significant at 100 db: indeed, high- 
pitched 100 db noise produced twice as many errors as high or 
low pitched 80 or 90 db noise, which were all very similar to one 
another. 

Two points immediately appear from this work as relevant to 
earlier experiments. First, the high frequencies seem to be dis- 
proportionately responsible for the effect. Use of predominantly 
low-pitched noise by some experimenters may have helped to 
obscure effects. Secondly, the effect appears sharply above 
100 db, and experiments using lower levels would not ^erefore 
show it. 

Our main interest, however, is in the fact that noise of different 
pitch varies in its effect on behaviour. Would it also vary in its 
effect on tasks in which it was itself a stimulus ? To investigate 
this, reaction times to high and low pitched noises of various 
intensities were determined. An exact parallel to the effect of 
noise on a prolonged visual task would perhaps have been the use 
of noises as stimuli in a prolonged auditory task. But this was 
not done, as there are some reasons for doubting whether auditory 
vigilance is subject to quite the same rules as visual vigilance (see 
Chapter 9). Furthermore, the need to use intermittent noises 
when using them as signals automatically prevented an exact 
parallel with the experiments on visual vigilance in noise, since 
the noise was in that case continuous. Reaction times of the 
ordinary variety were therefore obtained. On a filter theory 
there might be no difference bet^veen different stimuli once the 
filter had selected them, the difference being rather beUveen the 
probabilities of the correct class of sensory events being selected. 
The reaction times were therefore obtained in a way which gave a 
chance for failures of selection to show themselves. Each subject 
received five signals of one type followed by five signals of the 
other pitch, and so on until twenty-five signals of each type had 
been presented. No demonstration of the new signal was given 
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before each group of five; the subjects were thus relatively 
unfamiliar witli the signal at the start of each group of five reac- 
tions, but became less so as the series continued. Two separate 
groups of subjects were used, one havlnc 100 db signals and 
one 75 db. 


It has long been known that a more intense signal produces a 
faster reaction time, up to a certain level (Pidron 1952). Our 
experiments showing that a more intense sound interferes with 
work more than a fainter one, are themselves therefore in favour 
of a distraction rather than a paralysis theory of noise effects. 
If high pitched noise also produced faster reactions it would 
support this same view. Earlier experiments by Fessard and 
Kucharski (1985) and by Chocholle (1940) have disagreed on this 
point. Fessard and Kucharski found that high-pitched noise 
gave faster reactions, while Chocholle found all pitches gave 
equa. times. The results of the experiment we are now con- 
sioering resolve the conflict: it appeared that at the low intensity 
an with unfamiliar sounds the low-pitched stimulus gave a 
high-pitched one. At the higher 
nsi y an with familiar sounds the two became equal. On 

“rfy researches, we 
9';°''’'’“= much of the need to fcmiliarire the 

subjects with the particular stimulus being used: he therefore 

K^harski, however, felt 
were fW avoided, and so gave very few trials. They 

showed Unfamiliar signals, and correspondingly 

later exoerimr r frequencies. Just as in the 

aUowTnS.^ 

theo,l“X.!“'' *“ 'heee results in favour of a distraction 

-verse the effects found when a 

low frequencieti low intensities and 

lowest. In the vf/° **'?^*^^ efficiency, in this case the 

pitches at low i t there is no difference between different 

tenshies none at high in- 
end of the run ^periments the effect is greatest at the 

seem therefore th beginning. It does not 

seem, therefore, that conditions which cause errors in the visual 
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task also cause slow auditory reactions: on the contrary, they 
show fast ones and this suggests that the noise interferes with a 
visual task by itself controlling response rather than by dis- 
organizing all response. In terms of our filter theory, the filter 
selects the noise and so neglects the visual information. In 
ordinary language, the effect of noise is to cause a wandering of 
attention rather than a complete mental blank. 

Before leaving this experiment, there are two other points which 
should be made. The first is the importance of interactions: 
high frequencies at low intensities have no effect, high frequencies 
at high intensities have a marked effect. Equally, noise has no 
effect early in a task, but late in a task has a marked effect. This 
seems to be a general rule of stress experiments, that variations 
from normal conditions have little effect in isolation, but that once 
the change has passed a certain point the effect is marked (Bartlett 
1948). There is another statistical interaction of interest in this 
experiment, however. The subjects who received high-pitched 
noise at the highest intensity on the first day did worse throughout 
the experiment than subjects who received a more favourable 
condition on the first day. This type of interaction has been 
neglected in the literature: almost the only example is a pap^ by 
Welford, Brown and Gabb (1950) on fatigue in air-crew. They 
found that subjects who were faced with a particular tesk im- 
mediately after a long flight did badly, and also did badly when 
they returned to the task after a rest. Other subjects who first 
came to the task fresh did well, and continued to do we even a ter 
a flight. The explanation of this type of effect is not yet clear, 
and requires experiments of some complexity of esign. 
may be that noise (or the after-effects of flying) affects t e manner 
in which the task is learned and so all subsequent performance. 
Or it may be that the after-effects of the noise last over a long 
period which the intervening rest between s^sions " 
exhaust. Other interpretations are possible. Methodologically 
the possibility raises serious problems. Most good noise ^en- 
ments have Led one group of subjects with conn er-balaneed 
presentation of conditions. If noise has after-e ec s, 
not be adequate. It is probably true to say that the °f “fl 

the work discussed in this chapter will 

such after-effects are later established more reliably, but they may 
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need some reinterpretation. Jerison (1958) has provided the 
first step towards putting the after-effects on a firm basis, by 
s owing that a group, who first meet his task of keeping count of 
t ree sequences of events in noise, do worse on a later occasion in 
quiet than a group who first meet the task in quiet. 

Omissions in the Literature 

The work we have surveyed is clearly not sufficient to allow 
satisfaction with our knowledge about noise. The major avenues 
which need future exploration should be briefly indicated. 

term i,\‘ ^ absencc of any data on very long- 

term habituatmn. The type of task which shows an eifea of 

vMrs 7',!!°' 7" 8*''“ <» P“PI0 who have worked in noise for 
be nr’aiL,r "“If'"''”"'' ‘hey normally experience. This should 
effectrlf nnU r '“'‘'"8 ‘“‘s "-hinh “re known to show 
difficulties “"8 similar places. There are some 

in quiet for a “^“’*y, the task should be continued 

But for the mnm'J period as wel! as given in a familiar noise, 

on very hiehlv ^ cautious about postulating effects 

warS A particular form of this 

pitch, K the difference between noises of high and low 

were familiar admitted that, although the subjects used 

between the ^ prolonged exposure the differences 

thisTs trie forsi V notes that 

two equally bud nterbfjMr'' high-pitched of 

but the difference reported as more annoying, 

course, with hieh-ni'tol, '^‘th repeated exposure. Of 

be produced b/repeated some deafness would 

the experiments witli ^^P^^tire. It should also be noted that 
noise effect if anythin to show increasing 

about very prolonged • ®*Posure goes on; this caution 

necessary: and dies 

habituation. The short there is any evidence for such 

experiments is clearly not'nr^f reported by some 

A second point is^the nLd work-periods, 

serious types of nnis.. t rnore information on the more 
irregular, needs to bTuied 

• i*rom our general view of the role 
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of novel stimuli, it seems likely that interruption of a noise will 
increase the impairment produced by it. Certainly intermittent 
noises are commonly reported as more annoying. Again, in 
Chapter 2 a good deal of evidence was given about the importance 
of auditory localization in selective listening: it is chiefly im- 
portant in allowing one channel to be ignored. Vaguely localized 
sounds are reported as subjectively more annoying, and it may 
well be that a sound from a definite direction can more readily 
be ignored : the filter can reject more easily one particular auditory 
channel rather than all auditory channels. Changes of localiza- 
tion in a noise of constant loudness may also affect its novelty 
and so degree of interference with a visual task. Finally, it may 
be true not only that high-pitched sounds are worse than low but 
also that a narrow band-width sound is different from a broad 
band of frequencies. A narrow band seems less loud for equal 
energy (Pollack 1952); it may also be easier to ignore one part of 
the spectrum than to ignore all parts. Obviously there is much 
to be done on the question of the character of the noise. 

A third point is the exploration of individual differences. It is 
obvious to anyone that some people complain more about noise 
than others do; it was shown by Weston and Adams that those 
who complain more do in fact show greater benefit from ear-plugs 
(though the difference was not significant, and may of course have 
been a suggestion effect even if true). Culpin and Smith (1930) 
showed that people rated as being of nervous temperament were 
more apt to complain of noise. The individual differences on 
the twenty lights test seem, however, to be the first sign of marked 
differences in effect on performance. This should certainly be 
pursued: more data on the role of individual differences wi e 


considered in Chapter 7. . , v 

Fourthly, there is the possibility of effects on tasks other than 
vigilance tasks and those requiring continuous handling ot 
information. We shall see in Chapter 9 that there is some reason 
for regarding immediate memory and perception as involving 
the same mechanism. If our filter is involve^ in imme la e 
memory, and its operation is disturbed by noise, tasks using 
immediate memory may be disturbed even thoug ^ ^ ® ° 

arrival of information is not high and continuous. Jerison s to 
already mentioned seems to be such a case, alt oug e 
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need some reinterpretation, jerison (1950) has provided the 
first step towards putting the after-effects on a firm basis, by 
s owing that a group, who first meet his task of keeping count of 
t ree sequences of events in noise, do worse on a later occasion in 
quiet than a group who first meet the task in quiet. 

Omtssions in the Literature 

The work we have surveyed is clearly not sufficient to allow 
satisfactiori vvith our knowledge about noise. The major avenues 
Tn exploration should be briefly indicated, 
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of novel stimuli, it seems likely that interruption of a noise will 
increase the impairment produced by it. Certainly intermittent 
noises are commonly reported as more annoying. Again, in 
Chapter 2 a good deal of evidence ^vas given about the importance 
of auditory localization in selective listening: it is chiefly im- 
portant in allowing one channel to be ignored. Vaguely localized 
sounds are reported as subjectively more annoying, and it may 
well be that a sound from a definite direction can more readily 
be ignored : the filter can reject more easily one particular auditory 
channel rather than all auditory channels. Changes of localiza- 
tion in a noise of constant loudness may also affect its novelty 
and so degree of interference with a visual task. Finally, it may 
be true not only that high-pitched sounds are worse than low but 
also that a narrow band-width sound is different from a broad 
band of frequencies. A narrow band seems less loud for equal 
energy (Pollack 1952); it may also be easier to ignore one part of 
the spectrum than to ignore all parts. Obviously there is much 
to be done on the question of the character of the noise. 

A third point is the exploration of individual differences. It is 
obvious to anyone that some people complain more about noise 
than others do ; it was shown by Weston and Adams that those 
who complain more do in fact show greater benefit from ear-plugs 
(though the difference was not significant, and may of 
been a suggestion effect even if true). Culpin and Smith (1930) 
showed that people rated as being of nervous temperament were 
more apt to complain of noise. The individual differences on 
the twenty lights test seem, however, to be the first sign of marked 
differences in effect on performance. This should certainly be 
pursued: more data on the role of individual differences will be 

considered in Chapter 7. , . .v 

Fourthly, there is the possibility of effects on tasks other than 
vigilance tasks and those requiring continuous handling of 
information. We shall see in Chapter 9 that there is some reason 
for regarding immediate memory and perception as involving 
the same mechanism. If our filter is involved in ■mmediate 
memory, and its operation is disturbed by nmse, tasks using 
immediate memory may be disturbed even though 
arrival of information is not high and continuous. ^ 

already mentioned seems to be such a case, although the effects 
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need some reinterpretation, jerison (195G) has provided the 
first step towards putting the after-effects on a firm basis, by 
showing that a group, who first meet his task of keeping count of 
three sequences of events in noise, do worse on a later occasion in 
quiet than a group who first meet the task in quiet. 

Omissions in the Literature 

The work we have surveyed is clearly not sufficient to allow 
satisfaction with our knowledge about noise. The major avenues 
which need future exploration should be briefly indicated. 

V \ . place, there is the absence of any data on very long- 
erm habituation. The type of task which shows an effect of 
noise has not been given to people who have worked in noise for 
years, in the noise which they normally experience. This should 
effertf T I'sts which are known to show 
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mation is reaching the worker, although he may be acting, and 
failures of attention will be concentrated at those times. But 


some tasks do need continuous reception of information, or at 
least rapid response to stimuli appearing at unpredictable times. 
These are the suspects. Even in such tasks, average output 
may be unaffected if any opportunity is allowed to the worker to 
speed up his work when he is attending to the task, and so to 
compensate for the momentary lapses in his attention. The most 
likely indices of effects of noise are accidents and scrappage 
rates, since these will presumably reflect failure to deal with 
unexpected situations. So far as the writer knows such indices 
have not been collected in any completely satisfactory industrial 
investigation, although in the related field of atmospheric con- 
ditions, industrial studies have long shown that accidents are a 
very sensitive index of poor conditions. There is here an oppor- 
tunity for field research. 

It may also be noted as of some interest that weavers, who 
were studied by Weston and Adams, do have to react to signals 
from their work at times they cannot always predict. Indeed, 
the effect found by those writers may be a genuine one despite 
its critics ; it Is certainly far smaller than the dramatic 40, 50 and 
100 per cent changes which will appear in laboratory experiments 
when all factors are such as to maximize the effect. 

Secondly, high-pitched noise seems to be worse than low. 
Admittedly there is no difference under some conditions, but 
when there was an effect it was always in that direction, and it 
therefore seems a good bet to reduce high frequencies rst. 

Thirdly, the main thing seems to be to bring the noise down to 
the 90 db level. This is still higher than many will regard ^ 
pleasant, but the most serious effects on efficiency appear to e 


above that level. 

Fourthly, individual differences are important. If one person 
in a group complains of noise, it is dangerous to assume that he 
is unjustified. Scientific selection procedures would be nice. 


but do not yet exist. , , , . . . 

Finally, any deliberate change in the noise level m an industr 
situation should be accompanied by observation o i s ■= ' 

This is because of our limited hnowledge and ^ 

of possible differences in effects after very long-term habltuano . 
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shown might in principle be accounted for purely by failure to take 
in information.* There may also be other effects of noise besides 
the effect on incoming information: it is interesting that noise 
shows no effect on gaps in performance in the five-choice task, since 
other stresses do (Wilkinson 1957). This may imply that noise 
produces a high level of outgoing activity, as well as periodic 
interruptions in the intake of information. But this is a matter 
for further research: it is relevant to the activation theory dis- 
cussed in the next chapter. 

Despite these gaping chasms in our knowledge, the writer feels 
that the position is a hopeful one. In his view of scientific method, 
a programme of research should start by asking very general 
questions and proceed to more detailed ones later. This is in fact 
what is happening with the problem of noise. First researches 
looked for a gross effect and showed that it did not exist. Then 
work was directed to possible less conspicuous effects by mani- 
pulating the experimental conditions, and an effect was found. 
The conditions of this effect were then made more precise and the 
avenues of future research which we have just mentioned should 
carry this process further. This, and not the misinterpreted form 
of hypothetico-deducdve method which is broadly used today, 
is the true line of scientific advance. We shall return to this 
topic in the last chapter, 

PRACTICAL CONCLUSIONS ON NOISE 

Although this is primarily a theoretical book, many of those 
who read it may be asked for opinions about effects of noise in 
industry. What answer should they make on the basis of existing 
evidence, bearing in mind that further research is needed ? First, 
the work done in the particular practical case must be considered. 
Broadly speaking, if the task is one which might be disturbed by 
blinking (assuming that each blink was a second or so in length) 
it is one which may show effects of noise. 

Many industrial tasks do not fall in this category and so would 
not be disturbed : they have frequent pauses in which no infor- 

• Broadbent (19S7e) has since found an effect of noise on a task 
involving a heavy immediate memory load. As with Jerison’s task 
the effect carried over to subsequent work in quiet. 
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mation is reaching the worker, although he may be acting, and 
failures of attention will be concentrated at those times. But 
some tasks do need continuous reception of information, or at 
least rapid response to stimuli appearing at unpredictable times. 
These are the suspects. Even in such tasks, average output 
may be unaffected if any opportunity is allowed to the worker to 
speed up his work when he is attending to the task, and so to 
compensate for the momentary lapses in his attention. The most 
likely indices of effects of noise are accidents and scrappage 
rates, since these will presumably reflect failure to deal with 
unexpected situations. So far as the writer knows such indices 
have not been collected in any completely satisfactory industrial 
investigation, although in the related field of atmospheric con- 
ditions, industrial studies have long shown that accidents are a 
very sensitive index of poor conditions. There is here an oppor- 
tunity for field research. 

It may also be noted as of some interest that weavers, who 
were studied by Weston and Adams, do have to react to signals 
from their work at times they cannot always predict. Indeed, 
the effect found by those witers may be a genuine one despite 
its critics ; it is certainly far smaller than the dramatic 40, 60 and 
100 per cent changes which will appear in laboratory experiments 
when all factors are such as to maximize the effect. 

Secondly, high-pitched noise seems to be worse than low. 
Admittedly there is no difference under some conditions, but 
when there was an effect it was always in that direction, and it 
therefore seems a good bet to reduce high frequencies first. 

Thirdly, the main thing seems to be to bring the noise down to 
the 90 db level. This is still higher than many will regard as 
pleasant, but the most serious effects on efficiency appear to be 
above that level. 

Fourthly, individual differences are important. If one person 
in a group complains of noise, it is dangerous to assume that he 
is unjustified. Scientific selection procedures would be nice, 
but do not yet exist. 

Finally, any deliberate change in the noise level in an industrial 
situation should be accompanied by observation of its effects. 
This is because of our limited knowledge and especially because 
of possible differences in effects after very long-term habituation. 
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GENERAL CONCLUSIONS 

In Chapter 8 \vc said that the main interest for an experi- 
mentalist was in the principles which govern the selection of 
information to be passed to the perceptual system, and not in 
the fact that not all information was so passed. In this chapter 
we have found some such principles. They are that any novel 
stimulus is especially likely to be perceived, and so to prevent 
odiers from evoking reaction, that an intense stimulusis more 
likely to be perceived, and that a high-pitched noise is more likely 
to be perceived. All these three types of stimulation show 
greater efficiency on a task which requires reaction to them, and 
less efficiency on tasks which require them to be ignored. In 
the latter case, however, their effect on the main task is not to 
produce an even deterioration but to produce repeated brief 
failures. There is some evidence that these failures can be timed 
by the man himself so as to fall at periods when the task is 
delivering little information: but they can be detected by using 
suitable tasks. 

These principles might in a sense have been otherwise. Our 
filter theory as first developed was almost purely a logical state- 
ment and not a factual one. The facts that the filter possesses 
enduring brasses in favour of certain classes of signals, and that it 
seems to stay only briefly on any channel which is designated as 
‘ wrong ’ by previous instructions, cannot be predicted simply 
by logical analysis of the problem. Have we nonetheless been 
biassed by our theory in interpreting the results ? It does not seem 
so. The fact that noise produces brief failures which are percep- 
tual rather than motor in their nature seems inescapable except 
by casting doubts on the reliability of a rather large number of 
experimenters. The view that these failures reflect distraction 
rather than paralysis is less certain, but highly plausible in view 
of the opposite effects produced by requiring response to the 
previously ignored stimuli. We may perhaps note at this point 
that the contrast of distraction and paralysis is not ultimate; if 
the filter tends to swing towards a different channel it need not 
reach it, and may select neither type of information. Certainly 
the interpretation of effects of noise on visual tasks harmonizes 
well with the results of the multi-channel listening experiments. 
But the interpretation clearly has numerous consequences outside 
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the field of noise experiments, and for this reason we shall now 
consider work done purely on prolonged tasks without noise at 
all, and see whether our interpretation fits the results. From 
our beginnings with the problem of listening to two voices at 
once, we have passed through the case of listening to a voice 
against noise while performing a visual task, and through the 
case of performing a visual task in noise. We turn now to cases 
in which no irrelevant stimuli, such as noise, are deliberately 
provided by the experimenter- Yet there are always such 
stimuli present, and we should therefore expect to find them 
operative. In everyday terms we expect to find that attention 
wanders even when an experimenter does not deliberately dis- 
tract it. 
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GENERAL CONCLUSIONS 

In Chapter 3 we said that the main interest for an experi- 
mentalist was in the principles which govern the selection of 
information to be passed to the perceptual system, and not in 
the fact that not all information was so passed. In this chapter 
we have found some such principles. They are that any novel 
stimulus is especially likely to be perceived, and so to prevent 
others from evoking reaction, that an intense stimulusis more 
likely to be perceived, and that a high-pitched noise is more likely 
to be perceived. All these three types of stimulation show 
greater efficiency on a task which requires reaction to them, and 
less efficiency on tasks which require them to be ignored. In 
the latter case, however, their effect on the main task is not to 
produce an even deterioration but to produce repeated brief 
failures. There is some evidence that these failures can be timed 
by the man himself so as to fall at periods when the task is 
delivering little information: but they can be detected by using 
suitable tasks. 

These principles might in a sense have been otherwise. Our 
filter theory as first developed was almost purely a logical state- 
ment and not a factual one. The facts that the filter possesses 
enduring biasses in favour of certain classes of signals, and that it 
seems to stay only briefly on any channel which is designated as 
‘ wrong ’ by previous instructions, cannot be predicted simply 
by logical analysis of the problem. Have we nonetheless been 
biassed by our theory in interpreting the results ? It does not seem 
so. The fact that noise produces brief failures which are percep- 
tual rather than motor in their nature seems inescapable except 
by casting doubts on the reliability of a rather large number of 
experimenters. The view that these failures reflect distraction 
rather than paralysis is less certain, but highly plausible in view 
of the opposite effects produced by requiring response to the 
previously ignored stimuli. We may perhaps note at this point 
that the contrast of distraction and paralysis is not ultimate: if 
the filler tends to swing towards a different channel it need not 
reach it, and may select neither type of information. Certainly 
the interpretation of effects of noise on visual tasks harmonizes 
well with the results of the multi-channel listening experiments. 
But the interpretation clearly has numerous consequences outside 
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THE GENERAL NATURE OF VIGILANCE 
has lately been neglected, but which was of great weight in text 
books of an earlier time. It is one of the most obvious features 
of human behaviour, and the principles which govern it should 
certainly form a part of our basic theoretical knowledge. It fell 
into bad odour because of the inability of introspective psycho- 
logists to agree with one another, or to provide objective evidence 
to back their assertions; but this is a condemnation of the 
technique used by introspectionists rather than of the problem. 
The technique originated by Mackworth is of great value in 
studying this basic problem of psychology, and the fact that it 
happens also to be of practical value should not offend the most 
squeamish. Indeed, it may even provoke them to reconsider 
their views on the relationship of pure and applied research. The 
great value of practical problems is that they force upon us 
difficulties which experiments done for theoretical reasons may 
ignore: it is in this way that the vigilance experiments have 
forced us to acknowledge again the importance of attention, which 
the theories of the past 30 years have not mentioned. Nobody 
would wish the wood of psychological harning to be invisible 
in the trees of ad hoc investigations made for particular practical 
reasons. Yet the most experimental of approaches to human 
beings can become as dogmatic as any armchair introspectionism, 
if the experiments are solely dictated by theory. The constant 
curb placed on speculation by the need to devise methods of 
educational selection, or to help those with brain injuries, or 
to design machinery for easy working, is a most valuable dis- 
cipline. 

If we adopt again our policy of looking first at the general 
facts and only coming later to theories, what must we say about 
vigilance ? Mackworth’s original experiment was a synthetic 
task embodying the most striking features of the work of a radar 
operator. The subject watched, not a radar screen, but a pointer 
moving round a clock-face in regular jumps, one every second. 

At rare intervals the pointer gave a jump of double length, which 
the subject had to report by pressing a key. In the first place, 
subjects were asked to work at this task for 2 hr. When ^ hr 
periods within the session were compared, it was found that the 
first I hr W’as considerably better than any other. This rather 
alarming finding was confirmed using a simulated radar screen, 



CHAPTER 6 

THE GENERAL NATURE OF VIGILANCE 

The Problem 

The experiments which wc shall consider in this chapter mostly 
to a gtoup knawtt as * vigilance ' tasks, whose chief 
feature is that a man responds only to very infrequent signals but 
may have to watch for them over long periods. The first such 
study was done by Mackworth during the war, in view of the 
, problem of detecting submarines by radar from the air. Other 
experiments are now numerous, but many are equally directed 
at practical problems and therefore have not been published. 
The problem is indeed one which is not to be found in most 
contemporary text books and to a casual eye might well seem 
devoid of theoretical interest. 

Our own concern with this problem is clear. We have come 
to the conclusion that after prolonged observation of one source of 
information, a man will show brief intervals in which he takes in 
information from other sources. His attention will wander. If 
this view is correct, it is in vigilance tasks that we may find evidence 
for it. But it would be unwise to consider the field only from our 
own theoretical point of view: the problem must be considered 
in its own right if due weight is to be given to alternative theories. 
To some readers, however, it may derive an additional interest 
from its bearing on the views we have already discussed. 

It is also a problem of much intrinsic interest, even though it 
has little directly to do with auditory perception. Maintained 
observalloa of one of stiwiwli vs> a task wbiob ia not only 

performed by radar operators but by all of us in many fields of 
life. It is especially present in learning, which is such a traditional 
field of psychology. Learning almost always requires sustained 
attention, and, as we said in the first chapter, it is useless to build 
theories about events in the deeper recesses of the organism until 
we understand how incoming information is handled. Similar 
considerations apply to problem-solving, and other traditional 
fields of psychology. But above all attention is a topic which 
108 
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has lately been neglected, but which was of great weight in text 
books of an earlier time. It is one of the most obvious features 
of human behaviour, and the principles which govern it should 
certainly form a part of our basic theoretical knowledge. It fell 
into bad odour because of the inability of introspective psycho- 
logists to agree with one another, or to provide objective evidence 
to back their assertions; but this is a condemnation of the 
technique used by introspectionists rather than of the problem. 
The technique originated by Mackworth is of great value in 
studying this basic problem of p^chology, and the fact that it 
happens also to be of practical value should not offend the most 
squeamish. Indeed, it may even provoke them to reconsider 
their views on the relationship of pure and applied research. The 
great value of practical problems is that they force upon us 
difficulties which experiments done for theoretical reasons may 
ignore: it is in this way that the vigilance experiments have 
forced us to acknowledge again the importance of attention, which 
the theories of the past 80 years have not mentioned. Nobody 
would wish the wood of psychological learning to be invisible 
in the trees of ad hoc investigations made for particular practical 
reasons. Yet the most experimental of approaches to human 
beings can become as dogmatic as any armchair introspectionism, 
if the experiments are solely dictated by theory. The constant 
curb placed on speculation by the need to devise methods of 
educational selection, or to help those with brain injuries, or 
to design machinery for easy working, is a most valuable dis- 
cipline. 

If we adopt again our policy of looking first at the general 
facts and only coming later to theories, what must we say about 
vigilance ? Mackworth’s original experiment was a synthetic 
task embodying the most striking features of the work of a radar 
operator. The subject watched, not a radar screen, but a pointer 
moving round a clock-face in regular jumps, one every second. 

At rare intervals the pointer gave a jump of double length, which 
the subject had to report by pressing a key. In the first place, 
subjects were asked to work at this task for 2 hr. When J hr 
periods within the session were compared, it was found that the 
first \ hr was considerably better than any other. This rather 
alarming finding was confirmed using a simulated radar screen. 
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and also for an auditory task in which regular bursts of tone were 
heard. The subject had in this latter case to report rare bursts 
which were of extra length. When the results were communi- 
cated to the R.A.F., records of submarine detections at various 
times since the start of the operator’s watch were examined 
and it appeared that a similar rapid drop in efficiency was occur- 
ring. The effect therefore seems to be something more than a 
peculiarity of the particular test first used, or even of the laboratory 
atmosphere. 

On the other hand, Mackworth was able by manipulating 
the conditions to produce instances in which no decline in per- 
formance appeared after ^ hr. They are reported together with 
the original finding in his book (Mackworth 1950). And other 
experiments which had the same genersd characteristic of requiring 
watch for an infrequent signal proved to show no rapid decline; 
they will be considered later. 

We are thus faced with the situation that some experiments 
show a very rapid deterioration in human performance, in a task 
in which the work output of the man is slight. This must have 
considerable beating on our views of learning or of all tasks requir- 
ing continuous attention. Yet other experiments show no such 
decline and we must therefore search for the particular con- 
ditions which may produce the effect. 

Methods of Preventing Rapid Declines in Glock’Test Type Tasks 

The first technique for keeping efficiency at a high level is to 
carry out the task with two men, each taking alternate | hr. 
This gave a roughly constant level of performance. That is, the 

1 hr rests away from the task allowed the subject to return to it 
at full efficiency. Whatever the reason for the decline, it must 
therefore be one which rapidly disappears with rest. 

A second technique is to keep the man at the task for the full 

2 hr spell, but to call him up over a telephone system after 1 hr 
and ask him to do even better for the rest of the test. This 
produces a temporary return to full efficiency, which dies away 
after another J hr. 

If a loudspeaker message is presented to the subject shortly 
after every signal, saying ‘ Yes, that’s right ’ if he had responded 
or ‘ You missed one there ’ if he had not, efficiency was continu- 
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ously maintained throughout the 2 hr period. This result was 
shown not only by the clock test, but also in the auditory test 
mentioned previously. In view of the ‘ motivational ^ character 
of this knowledge of results and of the telephone message men- 
tioned in the last paragraph, it is interesting and important to 
note that other methods of exhorting the subjects were ineffective. 
For example, if they were told that they must be especially 
vigilant when a pointer travelling over a map reached a certain 
region, there was no effect : the subjects showed a deterioration 
similar to those given no special instructions. It is also noticeable 
that giving the subjects dummy inert tablets did not affect their 
performance; while giving them benzedrine caused their per- 
formance to remain at the same level throughout the work period. 
All the above variations in conditions were first tried by Mack- 
worth (1950). 

Another somewhat ‘ motivational ’ variable is the presence or 
absence of the experimenter. Fraser (1950) used the clock test 
to investigate another problem, the angle of the display relative 
to the horizontal. He found incidentally that he did not get the 
usual decline in efficiency after \ hr, and guessed that this might 
be due to his own presence in the room during the experiment. 
(In the original studies the subject was left alone as he would be 
in the practical situation.) Fraser (1953a) therefore made a 
direct comparison, and found that the presence of the experi- 
menter did indeed improve performance sharply. In this case 
Fraser did not use the clock test, but a different task in which 
the subject had to watch a series of circles projected on a screen 
and report the occasional one which was of unusual size. 

Characteristics of the task itself are also important. Thus 
Fraser (1957), using the same task, studied the effect of varying 
the difference between the signal circle and the ordinary ones: 
when the difference was small the decline was larger. Similarly 
if the display was unfocused so as to be difficult to see, a decline 
was more likely. These results resemble the differences men- 
tioned in the last chapter between the twenty dials and the 
twenty lights tests, the poorer dbplay showing greater effects of 
noise. The results also confirm findings given by Mackworth in 
his book for a synthetic radar task. When the echo to be 
detected was bright there was little decline in performance: when 
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it was dim and difficult to see there was a sharp decline like that 
on the clock test. This result also seems to be comparable to 
differences found on the clock test between subjects: people 
who made few mistakes originally showed little decline in per- 
formance. People who made many mistakes initially did even 
worse after \ hr. In general anything which reduces the visibility 
of the signal, including subject ability, seems to increase the chance 
of a rapid decline in performance. 

One finding which is of very great theoretical interest was 
made by Fraser (1957). Using his same circle detection task, 
he varied the time for which each circle was visible before the 
next circle appeared. When it was visible for only 1 sec, the 
usual decline appeared with prolonged watch-keeping. When it 
was visible for more than 2 sec, no decline occurred. It will be 
remembered that in the original clock test situation, jumps of 
the pointer took place every second, so that the signal certainly 
took less than 1 sec. 
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Certainly the effect of signal brightness on decline has been found 
in other experiments, and is implied in results by Bakan which 
will be discussed later. However, the negative results of Adams 
should be borne in mind by the reader when assessing the validity 
of our argument later in the chapter, when the theoretical im- 
portance of the effect of signal duration will be discussed. With 
these exceptions experiments with long lasting signals have not 
usually found any decline in performance as the watch goes on. 

We have now considered most of the experiments using the 
original clock test and highly similar variants, and it is clear that 
the rapid decline in performance which they sometimes show can 
be prevented by knowledge of results, by increasing the visibility 
of the signal, by outside stimuli such as a telephone message or 
the presence of the experimenter, by a brief rest, or by lengthening 
the time of appearance of the signal. There is one variant of the 
clock test which should be mentioned for the opposite reason, 
because it did not prevent the decline in efficiency. This is some 
work by Whtttenburg, Ross and Andrews (1956), who gave an 
ordinary clock test, and compared it with a clock test in which 
the subject was equipped with two response keys. He had to 
press one of them when the long jump of the pointer was seen, 
just as in the orthodox clock test. But he also had to press the 
other key for each short jump of the pointer. This meant, of 
course, that he was continually active rather than sitting and 
simply watching as in previous clock tests. Yet Mackworth’s 
original finding waz confirmed under both conditions. The link 
which this result establishes between vigilance tasks and those 
which involve continuous work is highly important for theory, 
and this result will be mentioned repeatedly. 

We may now turn to consider other vigilance tasks derived from 
the clock test. Some of these show striking declines in efficiency 
and others do not. 

Vigilance Tasks Differing from the Clock Test 

Bakan (1955) has produced a ^-ariant on the vigilance technique 
which appears to be very sensitive. He delivered to the subject a 
regular series of light flashes. Occasionally one of these hashes 
Would be slightly brighter than the others, and the subject had to 
report this. If he failed to do this, another flash with even more 
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it was dim and difficult to see there was a sharp decline like that 
on the clock test. This result also seems to be comparable to 
differences found on the clock test between subjects; people 
who made few mistakes originally showed little decline in per- 
formance. People who made many mistakes initially did even 
worse after | hr. In general anything which reduces the visibility 
of the signal, including subject abili^, seems to increase the chance 
of a rapid decline in performance. 

One finding which is of very great theoretical interest was 
made by Fraser (1957). Using his same circle detection task, 
he varied the time for which each circle was visible before the 
next circle appeared. When it was visible for only 1 sec, the 
usual decline appeared with prolonged watch-keeping. When it 
was tdsible for more than 2 sec, no decline occurred. It will be 
remembered that in the original clock test situation, jumps of 
the pointer took place every second, so that the signal certainly 
took less than 1 sec. 

Certain possible objections to this finding should be con- 
sidered. First, in Mackworth’s radar test the signal was visible 
for 4 sec, but a decline was observed. The radar test differed 
from the clock and from Fraser’s task, in that signals might appear 
in a number of spatial positions; and unlike synthetic radar 
tasks used by Baker and Deese (to be described in the next section) 
the appearance of signals was unrelated to the position of the 
rotating sweep line. If therefore the watcher had to spread his 
observation over a large area he would only be able to look at 
any one point for a part of the time: the signal might therefore 
well have to be present for a longer time than it would in a situation 
not involving the search factor. 

Secondly, Adams (1956) has performed an experiment similar 
to Fraser’s but has found only a shift in overall performance, and 
not in decline during a run, when the brightness or duration of 
the signal were changed. To be exact, the effect of these signal 
variables on the decline was not statistically significant, although 
it did seem to be very slightly in the direction predicted by Fraser. 
It may be suggested that this was because Adams compared the 
various conditions on different groups of subjects, so that the 
very large individual differences in decline during a run (see 
Chapter 7) reduced the statistical sensitivity of the experiment. 
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effect of extending the time for which a signal was present before 
being replaced by a non-signal stimulus. 

Equally negative are the results of Elliott (1957), who used the 
same technique as Bakan but with auditory signals. In his case 
the subject had to detect the presence or absence of a sound, 
rather than an increase in intensity in one member of a regular 
series of stimuli: this may conceivably be important. On the 
other hand, in some of Elliott’s experiments a regularly repeated 
sound of a different kind W’as present throughout the test, the 
signal being inserted immediately after this sound. So from one 
point of view the task might be regarded as a discrimination. The 
interval between the regular, no-response stimuli was different 
from that of Bakan, however, and so also was the interval between 
repetitions of the signal if the latter was not immediately detected. 
A last curious feature of Elliott’s experiment was that his subjects 
were allowed to read or write as they chose during the course of 
the experiment ; but that this had no effect on their performance. 
Such a course is only possible with an auditory task in which the 
stimulus is bound to reach the sense-organs whatever the subject’s 
momentary activity. A caution which should be given is that the 
absence of any decline during a run in Elliott's results does not 
mean that his subjects were achieving good performance through- 
out. On the contrary, their thresholds were far above those 
obtained in a normal situation when the subject was expecting a 
signal: the fact that average performance can be moved up and 
down independently of the deterioration of performance from 
beginning to end of a session will concern us repeatedly. 

A method resembling that of Bakan and Elliott was used by 
Bowen (1956) with visual signals. In this case a spot of light was 
to be reported on a screen covered with twinkling * noise spots. 
The signal was repeated again and again at the same intensity 
until the subject reported it. The length of the series of repeti- 
tions necessary to secure response did not increase during the 
run, except w’ith a very low signal rate of one signal per hour. 
Bowen found, however, that the rate at which the signal was 
repeated influenced performance. This and another finding on 
the effect of the frequency with which signals were presented 
during the time of watch, will be considered after theones of 
vigilance have been examined. 
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brightness was inserted and so on until the subject did report a 
flash. The intensity of the flash reported can then be used as a 
measure of the state of the subject. This type of measure gives 
more data from each experiment than do tasks in which a signal 
is simply reported present or absent. Bakan found a rise in 
threshold as the task proceeded in any one session. 

Fraser (1953b) used a rather different method of achieving the 
same desirable end of a numerical measure from each signal 
rather than a detected-missed dichotomy. He presented a 
series of circles travelling across a screen, as described previously, 
and occasionally inserted a larger circle. The subject was 
required not merely to detect the circle, but also to judge the 
time at which it passed the centre of the screen. Such a judge- 
ment is naturally subject to constant errors, which are of no 
particular interest, so Fraser took as a measure the variance of 
each subject’s judgements. The variance increased as time went 
on, and once again the test appeared highly sensitive. 

Another task showing decrement is an auditory one, in which the 
subject had to listen to a stream of digits spoken at the rate of one 
a second. If required to detect, say, any occurrence of three 
successive identical digits, he showed little decrement, but if asked 
to respond to a more complex sequence such as ‘ any sequence 
in which an odd digit is followed by an even one and that by 
another odd one decrement appeared. (Bakan 1952; Kappauf, 
Payne and Powe 1955.) This is comparable with the results 
of Fraser and Mackworth on signal difficulty mentioned earlier. 

However, other vigilance tasks do not show any change in 
performance with prolonged work. Broadbent (1950) used the 
twenty dials test mentioned in the last chapter, in which twenty 
dials had to be watched and action taken if any of them showed a 
dangerous reading. In this case the signal remained visible until 
a response occurred; the time taken, was measured and thus the 
dichotomy of detection or failure to report a signal was avoided. 
But the result was not the same as in Bakan’s or Fraser’s tech- 
nique. The response time was no longer at the end of 
the work period than at the beginning. We shall consider 
reasons for this discrepancy in the next section: but it may be 
noted here that some connexion perhaps exists between this 
result and that of Fraser, mentioned in the last section, on the 
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phenomena of extinction resemble those of declining vigilance. 
The operations performed in obseiidng extinction are to take a 
dog which has been conditioned, say, to salivate when a light 
flashes: to put the animal in a room by itself, and to make it 
watch the lamp for a prolonged period, receiving occasional 
flashes but not being given food when it salivates. The response 
then weakens. Equally the operations in observing decline of 
vigilance, are to take a human being, establish a particular response 
such as pressing the response-key when a flash appears on a 
radar screen: then to put the man in a room by himself and to 
make him watch the screen for a prolonged period, receiving 
occasional signals but not being given any reward for detecting 
them. The similarities are undoubted, and were pointed out by 
Mackworth (1950) in his description of the clock test results. 
There are certain qualifications and cautions which immediately 
spring to mind. Thus for example we cannot regard the decline 
of vigilance simply as an extinction of the conditioned response 
to a stimulus equated with the signal. If it were, the decline 
would be more rapid when signals are more frequent, whereas 
some results, to be mentioned later, show that the reverse is the 
case. ' One may quite legitimately say, however, that response to 
neutral features of the situation, such as the short non-signal 
pointer jumps in the clock test, is extinguished. This extinction 
may then generalize to the signal, which shares many charac- 
teristics with the non-signal stimuli. Subject to this kind of 
qualification, the parallel between the two situations seems fair: 
the telephone message experiment of Mackworth is a suggestive 
parallel to disinhibition, and the effect of knowledge of results 
resembles that of continued reinforcement in preventing extinc- 
tion. There are other parallels, and we shall in a later chapter 
be asserting that extinction and decline in vigilance share the same 
explanation. But this is by no means to say that both are to be 
explained by an inhibitory construct; there are other ways of 
explaining extinction. 

Deese (1955) gives some reasons for minimizing inhibition. 
(Incidentally he describes the writer as a supporter of the inhibi- 
tory theory, which is not and never has been the case. This is 
an easy confusion to make, since support for the parallel between 
vigilance and extinction is easily expressed in a way which can 
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Deese (1955) also reports having used a simulated radar task in 
which subjects had to watch a screen for targets. He failed to 
find a uniform decline in performance as time passed. In some 
of his experiments he used a technique very similar to Bakari’s, 
increasing stimulus intensity until detection occurred: like 
ElUott, he was of course concerned with absolute detection rather 
than detection of an increase in intensity. In other experiments 
he inserted signals at a fixed intensity for one sweep of the scan 
on the radar screen, which meant that roughly 8 sec elapsed 
before that part of the screen was wiped clear. 

Baker (1956) has carried out experiments with a simulated radar 
screen bearing a sweeping line of light comparable to that used on 
real radar screens. Signals might appear anywhere along the 
line of this sweep: records were made not only of the number 
detected but also of reaction time to each signal, and of the restless- 
ness of the subject. The latter was recorded by contacts under 
his chair. The results from this test were a compromise; if 
signals came fairly evenly every 2 min (though not of course 
completely evenly) there was no increase in the number of 
missed signals but there was an increase in restlessness. If the 
timing of signals was changed to that of the clock test, in which 
some intervals were very much longer than others, the results 
were almost exactly like those of the clock test. This experiment 
also showed that the subjects could be biassed towards various 
parts of the display by altering the arrangement of the sweep; 
with a normal sweep they tend to see signals in the middle of the 
sweep line more than those at its ends. 

The experiments we have cited show that some change takes 
place in men who do prolonged watch-keeping tasks, so that 
under certain conditions their performance deteriorates with 
time. Under other conditions either the change does not take 
place or else the measuring techniques cease to reveal it. It is 
now time to consider theories of this change. 

Theories oj vigilance decrement . — ^There seem to be at least four 
different ways of considering the experiments we have so far 
described: and it may well be that several of them are true. 
The first of them is to postulate an inhibitory state, similar to 
that supposed by behaviour theorists to explain the extinction of 
conditioned responses. It is indeed true that many of the 
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needs some implausible assumptions. For example, both Bakan 
and Mackworth have found that a decrement appeared in a 
second test given a few days after the first. We would therefore 
have to suppose that expectancy at the beginning of the second 
test had reverted to a high level rather than remaining at the 
appropriate one. This seems curious, and abolishes one of the 
merits of the expectancy theory: the latter will explain a marked 
rise in efficiency produced in one run by a high signal density in 
another run, which has been demonstrated by Elliott (1957), but 
if expectancy does not carry over from run to run this explanation 
cannot hold. Nor does expectancy offer any explanation of the 
absence of decline in certain tasks. In particular there is the 
effect of signal duration shown by Fraser. One could possibly 
argue that any reduction in signal length when the probability of 
detection is not 100 per cent, will reduce the number of signals 
seen and so the estimated probability of seeing more. But this 
explanation ignores the fact that decrement fails to appear in 
long-signal tasks with very infrequent signals (the twenty dials 
test, and that of Bowen) and yet is present in short signal tasks 
with more frequent signals, such as the clock test and those of 
Bakan, Adams, Fraser and others. 

The third approach to this problem may be called the activa- 
tionist one. It is to consider a constant background of stimulation 
as a necessity for general efficiency. This approach also is 
mentioned by Deese: it harmonizes well with many modern 
approaches to the question of sleep and wakefulness. Kleitman 
(1939) held that wakefulness was maintained by a neural centre 
in the base of the brain, probably near the hypothalamus. This 
centre is kept active partly by sensory impulses : thus depriving 
a man of sensory stimaJathn causes him to go to sleep, and 
indeed most people do seek conditions of minimum stimulation 
for sleeping. Intense stimuli will wake somebody who is asleep, 
and in one who is awake they might be regarded as activating 
the wakefulness centre more and more. The latter keeps up the 
efficiency of the rest of the brain, perhaps by transmitting facili- 
tating impulses up to the cortex. In monotonous surroundings, 
then, the whole level of nervous activity may be lower and so 
response to clock test signals less efficient. Once again, this type 
of theory seems to have some difficulty in handling the cases of 
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be misunderstood as an inhibitory theory of decline in vigilance.) 
It seems uneconomical to introduce two opposing states in the 
nervous system without first examining all ways to explain changes 
in vigilance as alterations in a single positive state of readiness to 
respond. Furthermore, performance in vigilance tasks does not 
merely decline: in Deese’s «tperiments, in the writer’s, and in 
others we have mentioned, it improves or oscillates. In the 
clock test there is evidence of a warm-up effect at the beginning 
of the task, and Deese finds signs of an end-spurt. Such effects 
require any inhibitory construct to take a rather complicated form. 

A second way of considering vigilance results may be termed 
the ‘ expectancy ’ theory. This view receives rather stronger 
support from Deese, who has carried out some of the experiments 
relevant to it which we shall consider shortly. Briefly, the view 
is that response to a signal is a function of the probability of that 
signal, the probability being derived from the past incidence of 
signals. To some extent this is not a theory but a demonstrable 
fact. We have already considered many times the low information 
contributed by highly probable signals, and small quantities of 
information can be passed through a system of limited capacity 
faster than large quantities can. The empirical evidence that 
this does happen in man is provided by the experiments of Hick 
(1952), Hyman (1958) and Crossman (1958) which have already 
been cited. The question is, however, how far this factor comes 
into play in vigilance. Two illustrations of it were noted by 
Mackworth. In the clock test and the listening tests, where the 
spatial position of the signal was always known, it appeared that 
signals occurring very rapidly after other signals were badly seen. 
A plausible explanation of this effect was that such rapid sequences 
of signals were rare, signals being on the average infrequent, so 
that the second signal was not ‘ expected ’. On the simulated 
radar test, ho%vever, this did not occur, and as in this test each 
signal appeared in a spatial position close to the previous one, 
spatial expectancy seemed a likely explanation. 

One might possibly try to formulate an entire theory of vigilance 
in terms of expectancy; the decline in efficiency during a session 
in those tasks which show it could be ascribed to a gradual drop 
in expectancy from the normal fairly high level to a low level 
appropriate to a vigilance situation with few signals. But this 
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after prolonged work. All these vietvs may be true. Let us now 
consider experiments relevant to them. 

Experiments on Inhibition and Expectancy 

The two first approaches may be considered together, because 
the experiments they suggest are similar. One must add that 
there are in any case few researches relevant to the inhibitory 
approach. Almost the only ones are some of Wilkinson (personal 
communication). He observed performance when watching for a 
flash of light on a plain screen. In one condition the subjects 
heard only an even noise background at a low intensity. In 
another a regular buzz was inserted above this background every 
4 sec. The flash only occurred just after one of these buzzes, so 
that the subject could relax very briefly between buzzes. In addi- 
tion, this condition did of course provide more sensory stim- 
ulation, 80 that on an activation theory one might expect higher 
performance. The average number of signals seen was in fact 
the same, but in the buzzer condition this average was achieved 
by higher efficiency at the beginning and lower efficiency at the 
end: the decrement was greater. This fact argues against any 
activatlonist theory of decrement, though not necessarily of 
average performance. Its relevance to an inhibitory theory is that 
one might describe the extra stimulus of the buzz as a source of 
extra responses to be extinguished, so that the total amount of 
inhibition present is increased. 

This point is one which may help to explain the varying results 
of the vigilance tasks we have reviewed. A repeated neutral 
stimulus was characteristic of the clock test, of Mackworth’s 
listening test, of Fraser’s variance test, and of Bakan’s threshold 
test, all of which show a decline with prolonged performance. 
There was no such repeated stimulus in the twenty dials test, or 
in the radar tasks of Bowen and of Deese; and these tasks showed 
no decline. Unfortunately for this interpretation Mackworth’s 
radar test and Baker’s simulated radar task both show decrements 
but have no obvious repeated stimulus between the signals; 
admittedly both include the simulated sweep line of a radar set, 
rotating around the screen regularly. But in one of Baker’s 
conditions there was no sweep and if anything more decrement, 
and Deese’s task included the sweep. Another and more doubtful 
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failure to decline in performance. Why should the long signal of 
the twenty dials test remain equally easy to see at the end of a 
lengthy watch, when the short signal of the clock test does not ? 

Finally, we may apply to vigilance tasks the view which we 
suggested in the last chapter for noise experiments. On this 
view, it will be remembered, the information reaching the senses 
is filtered and only part of it passes to the perceptual system. 
This part will originally be determined by the instructions given 
to the man ; but the filter possesses a permanent bias in favour of 
channels which have not recently been active. This bias is 
likely, after one source of information has been controlling 
response for some time, to produce a change in the selected 
channel: in ordinary terms, attention wanders. Such a shift is, 
however, temporary; the failure to take in information is inter- 
mittent, just as biting is. 

In explaining noise effects, we argued that the filter was more 
likely to select auditory information briefly when an intense 
noise was present. If the Aeory is correct, however, shifts away 
from the task should occur in any case, albeit less frequently. 
Faint sounds, or proprioceptive stimuli, may provide the com- 
peting information; or stored material may even conceivably be 
passed through the same filter. In ordinary language, the man 
notices odd features of his surroundings, or his own bodily sensa- 
tions interpreted as discomfort, or day-dreams. Such breaks in the 
intake of task information will be brief, but will increase in 
frequency as the task is continued. One might therefore explain 
vigilance decrement by supposing that the signals arriving later 
in the task are more likely to fall in these brief instants and so be 
missed. 

was said initially, these four points of vie^v are not necessarily 
incompatible. One of them, the expectancy view, is almost 
equivalent to the assertion that highly probable events place less 
demand on the nervous system than improbable ones; that is, 
that the concept of information derived from telephone systems 
is applicable to human perfonnance. Two other views, the 
inhibitory and the theory of the activation of the organism by 
stimulation, might be described as holding that the capacity of 
the ncrv’ous s^’stcm declines under monotonous conditions, The 
last view holds that the capacity is employed in different directions 
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after prolonged work. All these views may be true. Let us now 
consider experiments relevant to them. 

Experiments on Inhibition and Expectancy 

The two first approaches may be considered together, because 
the experiments they suggest are similar. One must add that 
there are in any case few researches relevant to the inhibitory 
approach. Almost the only ones are some of Wilkinson (personal 
communication). He observed performance when watching for a 
flash of light on a plain screen. In one condition the subjects 
heard only an even noise background at a low intensity. In 
another a regular buzz was inserted above this background every 
4 sec. The flash only occurred just after one of these buzzes, so 
that the subject could relax very briefly between buzzes. In addi- 
tion, this condition did of course provide more sensory stim- 
ulation, so that on an activation theory one might expect higher 
performance. The average number of signals seen was in fact 
the same, but in the buzzer condition this average was achieved 
by higher efficiency at the beginning and lower efficiency at the 
end: the decrement was greater. This fact argues against any 
activationist theory of decrement, though not necessarily of 
average performance. Its relevance to an inhibitory theory is that 
one might describe the extra stimulus of the buzz as a source of 
extra responses to be extinguished, so that the total amount of 
inhibition present is increased. 

This point is one which may help to explain the varying results 
of the vigilance tasks we have reviewed. A repeated neutral 
stimulus was characteristic of the clock test, of Mackworth s 
listening test, of Fraser’s variance test, and of Bakan’s threshold 
test, all of which show a decline with prolonged performance. 
There was no such repeated stimulus in the twenty dials test, or 
in the radar tasks of Bowen and of Deese ; and these tasks showed 
no decline. Unfortunately for this interpretation Mackworth’s 
radar test and Baker’s simulated radar task both show decrements 
but have no obvious repeated stimulus beUveen the signals; 
admittedly both include the simulated sweep line of a radar set, 
rotating around the screen regularly. But in one of Bakers 
conditions there was no sweep and if anything more decrement, 
and Deese’s task included the sweep. Another and more doubtful 
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case IS the work of Elliott; in his listening task there was some- 
times a repeated neutral stimulus but no decrement. This might 
be explained by saying that the neutral stimulus was very different 
from the signal and so did not generalize ; yet Wilkinson’s was also 
very different. 

Another similar exception is furnished by the effect of altering 
signal visiMity in a number of experiments we have already con- 
sidered. Here the monotonous stimuli were always present, but 
out by altering such para- 
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the range of intervals between signals rather than the mean. The 
object of studying this variable would be that the probability of a 
signal relevant to an expectancy theory is presumably probability 
at the time when it occurs. If, for example, a signal occurred 
every minute exactly, the probability of a signal is highest 1 min 
after another signal. Equally it seems likely from the arm-chair 
that a human observer would rapidly become very good at 
detecting such signals. He might even do better than he would 
at detecting signals appearing at twice the frequency on the 
average, but with a range of intervals stretching from 5 to 55 sec. 
If this suggestion were supported by experiment, it would be 
another piece of evidence supporting the expectancy theory as 
against the activation one, since the latter might be expected to 
regard the mean interval between stimuli as more important than 
the range. Some evidence of this kind comes from the work of 
Baker (1956) already cited, since his simulated radar task showed a 
decrement when the signals were given with the intervals used by 
Mackworth in the clock test; but not when the intervals varied 
over a smaller range. 

This raises the question of the relation between decrement 
from the beginning of a run to the end, and poor performance 
throughout a run. It will be remembered that Wilkinson’s 
experiment showed no effect on the latter but a real effect on the 
former. The expectancy results, on the other hand, show an 
effect on the latter with some doubt about the former. Deese 
emphasizes that performance within a run may go up or down, 
while citing the effect of signal frequency upon the average per- 
formance for the whole run. Bowen also showed his effect 
chiefly upon the average rather than the decline within a run, 
though his lowest rate of signalling did in fact produce a decline. 
Baker’s experiment also shows increased decrement with a less 
probable signal. But, as we said when first discussing the 
expectancy approach, it is clearly less well suited to explaining a 
decline than to explaining a steady low level of performance. 
Only if the subject has an expectancy at the beginning of the 
work-period which is higher than his expectancy at the end (i.e. if 
he expects initially that signals will be more frequent than they in 
fact are) will performance decline. At first sight this mak« the 
expectancy approach a good one for explaining the conflicting 
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case is the work of Elliott; in his listening task there was some- 
times a repeated neutral stimulus but no decrement. This might 
be explained by saying that the neutral stimulus was very different 
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of key-pressings. Corresponding treatment of the rat causes the 
incidence of bar-pressing to follow the probability of reward, and 
closely similar results were obtained from Holland’s human 
subjects. 

This approach is closely connected with the attitude to animal 
conditioning which will be developed in later chapters; for the 
present, we may note simply that it has the advantages and also 
the disadvantages of the expectancy approach. It deals well 
with the average level of performance, but is on more doubtful 
ground when applied to the trend of performance during a run. 
Just as a decline in expectancy wall only arise from a too-high 
initial level, so a drop in rate of bar-pressing by rats will only 
appear when the animals are shifted from a high incidence of 
reinforcement to a low one. Yet, as we remember, Coastal 
Command radar operators and industrial inspectors (Wyatt and 
Langdon 1932) continue to show decline in vigilance within their 
task-periods, even though the low incidence of signals must be 
perfectly familiar to them. 

To summarize experiments on these two approaches, the 
inhibition view is better able to deal with declines within each 
run than with a low average for the whole run. The expectancy 
view is very satisfactory for explaining average performance, but 
less convincing to the writer when applied to trends within a 
run. Each approach has its advantages and disadvantages. 

Experiments on Activation and on Filler Theory 

Some highly interesting experiments relevant to the activation 
theory have been performed in Montreal. The main feature 
was that all change in the stimulation delivered to the experi- 
mental subjects was reduced to a minimum for a prolonged 
period (Bexton, Heron and Scott 1954). This was done by 
keeping subjects in a small room on their own, providing them 
with blindfolding goggles, gloves, and similar means of reducing 
stimulation, and keeping them there for as long as they would 
stay. Despite good pay, the subjects were unwilling to endure 
these conditions for very long. Furthermore, their efficient^ as 
measured by a number of tests declined considerably. ^ en 
research workers, who were presumably more highly motivated, 
stayed in for longer periods, they became subject to gross is 
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results of different experiments: the subjects had different initial 
expectancies. But although this may well explain some of the 
differences, it cannot explain all of them. We have already noted 
that the various experiments on the effect of changing the visibility 
of a signal are not easily explained by expectancy; nor is the 
appearance of a decrement within the session on a familiar task, 
which Mackworth and Bakan both showed. 

This possibility, that expectancy may explain average per- 
formance hut not the trend within runs, should be compared with 
the point made m the last chapter about the effect of stimulus 
probability on reaction times. It will be remembered that, when 
the information presented to a man in a reaction time situation is 
decreased by making some signals more probable than others, his 
average speed of response increases correspondingly. But the 
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certain tasks which have been tried under various levels of 
stimulation have shown no change in the decline of performance 
with time, or even a worse decline. The noise experiments 
given in the last chapter are an example : why should performance 
in a high level of auditory stimulation be worse than in a low 
one ?* Another example is provided by the experiment of 
Whittenburg, Ross and Andrews (1956), mentioned earlier, in 
which the clock test was performed with two keys, one to be 
pressed to each neutral stimulus and one for any signal stimulus. 
Wilkinson (1957), as part of an investigation of the effects of 
lack of sleep, used a vigilance task in which the subject pressed 
a key to neutral stimuli and refrained from action altogether 
when a signal occurred : the exact reverse of the normal situation. 
In both these experiments the constant action required of the 
subjects would produce considerable proprioceptive stimulation, 
as compared with the normal vigilance task in which they sit 
passively. Yet in neither experiment was there any difference 
in the amount of decrement shown. 

This argument deserves closer attention, as the activation 
theory is otherwise so satisfactory. There seem to be two 
possible explanations which might be put forward. First, one 
might appeal to Hebb’s statement that too high a level of activation 
is as bad for efficiency as too low a level. Consequently raising 
the stimulation level in these experiments was ineffective because 
the level was already too high. This explanation is inadequate. 
The decrement in the ordinary vigilance task is explained by the 
level being too low: if the level after raising the amount of 
stimulation is now too high, the rise in level must have covered 
the whole range from too low to too high. While this might 
conceivably be true of the noise experiments, it surely cannot 
be for the results of Wilkinson and of Whittenburg, Ross and 
Andrews. Furthermore, if this explanation is correct one would 
expect the effect of noise to get less as the period of work increases 
and the organism habituates to the stimulus ; whereas the 
reverse is the case. 

A second possible explanation is that from an activation point 

• It should be noted that Helper (1957) has provided evidence that 
skin conductance is higher when wrking in noise, confirming that 
noise does in fact produce higher activation. 
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torlions of the visual field. Shapes and sizes became unstable, 
so that it seemed that the normal mechanisms, which compensate 
for changes in the retinal image as objects change their position, 
had lost their efficiency. 

As has been said, current physiological views on the role of 
stimulation in facilitating activity in the nervous system are in 
harmony with the results of these experiments. It has even 
been shown that reflexes become less efficient when they are not 
elicited for a long period (Eccles and McIntyre 1958). In some 
ways this trend is a reversal of an earlier fashion which emphasized 
the autonomy and spontaneity of the nervous system. Hebb 
(1955) has described how this change has caused him to alter 
his conceptual model of the nervous system. Formerly he held 
that spontaneous activity arose from the organism and was only 
controlled and guided by outside stimulation. Now he thinks 
rather that stimulation produces a level of activity in the organism, 
which may indeed be self-maintaining for a time, but derives 
ultimately from the outside stimulation. If this level is too low, 
efficiency will be low : and the same result may follow from too 
high a level of activation as in some emotional states. 

Hebb’s paper deserves to be read in the original; and it is 
certainly a very convincing formulation for understanding much 
human activity. The intensity with which stimulating problems 
are sought out, especially by the young, is difficult to fit in with 
many orthodox theories of motivation, and harmonizes much 
better with this one. At the same time, the search itself seems 
to be spontaneous. No stimulus arouses the demand for a 
stimulus, and to this extent the original emphasis on the initiating 
role of the nervous system preserved a real truth. 

For our present purposes, the activation theory obviously has 
certain advantages. It can clearly cope with decline in per- 
formance during vigilance tasks, and also with low average 
performance. No matter how familiar the task, monotonous 
circumstances and deprivation of stimulation will still produce 
decreasing efficiency. Indeed, the difficulty becomes that of 
explaining why some vigilance tasks show so little decrement 
during a run. If the full decrement on the clock test is due to 
the absence of activating stimulation, why is there no decrement 
on the dials test, which seems to have no more ? Furthermore, 
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later workers such as Broadbcnt (1953a), the rate of presentation 
of stimuli depended on the subject himself. Bills and Shapin 
(1980) also examined the effect of presenting stimuli at a rate 
fixed mechanically at a value rather faster than people adopt 
under the voluntary ’ unpaced ’ condition. They found that 
this pacing delayed the onset of any decline in performance and 
was thus preferable to allowing the man to adopt his own rate of 
work. This fact agrees with the type of experiment which 
suggested the activation theory: the larger the number of stimuli 
presented in a given time the greater the efficiency of the man. 
It is also connected with the work of Conrad on the effect of speed 
of work, which will be discussed in Chapter 21. 

But the situation is rather different when the rate of work is 
set by a machine sufficiently slowly for perfect performance. 
Broadbent (1953a) investigated this situation, using a task which 
is known to show Bill’s blocks: the five-choice task of the last 
chapter. The rate of work was the same as the average which 
subjects could maintain under unpaced conditions. But they 
were unable to keep up a constant level of efficiency in the 
‘ paced ’ case, and their output of correct responses deteriorated 
after a time which had produced only blocks in the unpaced 
condition. The obvious interpretation of this result is that the 
man’s behaviour, as distinct from the recorded performance, is 
changing in the same way whether performance is paced or 
unpaced. In the paced condition, each momentary block causes 
a loss of the opportunity to make a correct response, while he 
cannot improve his performance between blocks. In the un- 
paced case the increased variability of the man need not affect 
his average performance. 

For ordinary repetitive tasks this argument may perhaps be 
acceptable; but it was used by Broadbent to explain differences 
between vigilance tasks which do and do not show decline in 
performance during a work-period. The suggestion was that the 
man’s observation of a stream of signals was also subject to 
intermittent interruptions, \vith the result that tasks of a paced 
type, in which the signal was visible only for a brief period, 
would be affected by these interruptions. Tasks of an unpaced 
type, in which the signal w'as visible for an indefinite time, would 
be much less affected by them. In particular, the clock test 
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than blocks has actually risen, so that the chance of a long signal 
lasting undetected for a certain length of time may be unchanged 
or actually changed in the direction of improved performance. 

This shows that, while a blocking theory makes the prediction 
that tasks using short signals will give a decrement, the prediction 
for long signals is equivocal. It is even more so when we come 
to possibilities such as that in Case C. Here we might expect 
that continuous signals of indefinite length would be detected 
as quickly once blocking has set in as during normal performance, 
since each interval of low efficiency is followed by one of higher 
performance. But with a short signal repeated intermittently 
until seen, the outcome will depend on the interval between 
repetitions. If any signal striking the block was always followed 
by another striking the spurt, the score should be unaffected. 
If the interval between signal repetitions was bigger and a signal 
striking the block was not followed by another until after the 
spurt had finished, the effect on the score would be more serious. 
This kind of relationship may underlie the difference between 
Bakan’s findings and those of other researchers; the data are 
insufficient to decide on the matter, but might perhaps be arnplified 
by using Holland's technique mentioned earlier. 

Another important point which should be mentioned here, 
although it depends somewhat on data to be given in Chapter 9, 
is that some kinds of stimuli may give rise to a delayed response 
even though they arrived during a block, provided they are 
not followed by another irrelevant stimulus. It will be re- 
membered that in the description of Elliott’s experiment it was 
noted that he (and also Bowen and Deese) required the subject 
to detect the presence or absence of a signal rather than the 
occurrence of a slightly higher intensity member of a series of 
stimuli. Bakan followed the latter course and this factor again 
may explain the difference between his results and those of others 
with a similar scoring system. 

In general, then, the approach suggested by these experiments 
on blocking is not able to predict very specifically what will 
happen m experiments using long signals. It has the strong 
point that it will account for differences benveen short and 
long signals, which is a difficulty of most other approaches. 
But it obviously needs supplementing by some other principles 
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Which predict performance between blocks. In this context it 
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unstated and unjustified. As will be obvious from the chapter 
on effects of noise, the interpretation of blocking favoured by the 
writer is, that it represents an interruption in the intake of 
information from one source, owing to intake of information 
from another source. In other words, if we think of a filter 
selecting some of the information reaching the senses; then this 
filter ceases for a second or so to select task information, and 
rather selects some other kind of stimulation. As novel stimuli 
have a higher probability of passing the filter, these shifts in 
selection will not occur until after the task has been continued 
for some time. From the point of view of vigilance tasks alone, 
there is little to choose between this view and that of blocks as 
caused by an interruption in the intake of all information. The 
reasons for preferring the former view were discussed in the 
chapter on effects of noise: it makes intelligible the influence of 
noise in increasing the frequency of the momentary failures of 
efficiency. It harmonizes well with the fact that in the dials 
test the central dials are those best observed immediately after 
a signal but become less w'ell monitored than the peripheral 
dials after an interval without signals (Broadbent 1950): this 
seems to indicate a tendency to shift the source of information 
used to control response. The ‘ shift of selection ’ view is also 
supported by the fact that blocks in the five-choice task last 
about 1 i sec, and this is in fact the time taken to shift selection 
twice, as will be seen in Chapter 9 (Broadbent 1954b). This 
view therefore seems probable, though the inference is bound 
to be less certain than that of an analogy between blocking 
experiments and vigilance. 

To summarize the value of this approach, it covers some of the 
gaps in the other theories. It deals chiefly with changes m 
performance rather than with average performance over the whole 
run. And without help from other theories it cannot predict 
what will happen in tasks on which performance is determined 
by the average activity of the man over a period greater than a 
few seconds. However, at least this approach seems to indicate 
certain types of task on which decrement will definitely appear. 
The other approaches do not seem capable of giving unequivocal 
predictions, not because these approaches are completely untrue, 
but because so many variables are operative in tas s w ose signa s 



13-1 PERCEPTION AND COMMUNICATION 

eLt' o/ Ae IT-Vr- evidence for the 

Hkdy that eLrnf r by each theory, and it is 

than abandonment. further development rather 

A Synthesi! of Vims on Vigilance 

to^ll"a7r” brief consolidated account of the conclusions 
doubV and ouaM ar “ '^^d us, omitting the 

In the firl7lac^,rL7'’'“='‘‘ 'be sake of cLty. 

filtered, and onlv'oart , striking the sense-organs is 

brain which orgrnrrefpl': 'b= ^ ‘b^ 

information which is re^ ' bltumally the filter passes that 
occasionally *70, her .'“^b set the man. But 

filter for a second or so 'll"!! stimuli may be passed by the 
will not enter. This even,' -ii"""® 'bi® litne task information 
continuous work- 7 a “PPf . a pause or error in 

detect a brief signal or a AM j“b ‘f may mean failure to 
latter case the delay mav be erHI n long one. In the 
by a high level of activity i,'’7'‘*'‘"‘^"'^^'''ain circumstances 
!be level of octirky S L fit!'" ‘''f “ ““^bs >. That is, 

« not fixed and may affect the selecting task information 
The frequency of shifts bv the fil,"’' ‘o detect signals, 

intensity and novelty of mil, " j® " depends on the relative 
in either of these qualitiecs non-task stimuli, an increase 

the filter. For this reason stimulus more likely to pass 

source as the task stimulus ®^‘tnuli from the same 

the efficiency of response to no reaction, may lower 

If the filter is paiTng Zl 'nf 

any stimulus will be handle? the speed with which 

probability of that stimulus at th I depend on the 

stimulus conveys little inform f- ^ f^ighly probable 

occur rapidly, rememb7*7r" ‘berefore -^Ponse will 
and a variety of stimuli to reno,!r“J" Chapter 3 with two keys 
mg by using a short response for "P 'oport- 

In general, there will be an • niost common stimulus, 

munication channel such that coding for any com- 

transmitted more rapidly and tti ”1°^® probable messages are 
exception. Thus stimufiwhioK nervous system is no 

occur at predictable times, and 



135 


THE GENERAL NATURE OF VIGILANCE 

which are chosen from a small set of possible stimuli, will receive 
rapid response. 

In addition to the effect of increasing probability of a stimulus 
in increasing the efficiency of reaction to that stimulus, a variety 
of events at the sense-organs is desirable if the efficiency of 
information handling is to be high. If the background of 
stimulation producing this effect is irrelevant to the prescribed 
task, it may cause an increase m the number of pauses or errors 
in the work, despite the increased efficiency in the intervals 
between pauses. But it should be noted that the pauses, or 
‘ blocks will appear only after the work has been continued for 
a while; whereas the effects of stimulus probability and level of 
background stimulation may be present even at the beginning 
of a task, and remain unchanged throughout it. 

Thus the average level of performance during a run is to be 
explained by activation and expectancy: whereas blocking 
explains the decline during the run. 

This account includes all the approaches which we have 
outlined; and, although it requires considerable filling-in, it 
gives a reasonable account of performance on vigilance tasks. 
It also implies that performance on work requiring considerable 
overt muscular activity will also be impaired by the ‘ blocking ’ 
mechanism, and that the decrement revealed in vigilance tasks 
is not peculiar to men watching for infrequent signals. There 
is some evidence that a perceptual element does enter into pro- 
longed work of a more ordinary kind, and to this we must now 
turn. 

Perceptual ‘ Fatigue ' in Prolonged Work 

Negative evidence is the first which should be mentioned. 
Prolonged work of a purely muscular nature does not show any 
downward trend very easily, unless the energy output of the 
muscles is exceedingly high. Naturally, if the muscles^ are 
required to perform at the limits of their strength for long periods, 
the work deteriorates. But when they are operating less intens- 
ively there are cases in which little decline can be found. Other 
cases do show a drop in efficiency, but as we shall see this may be 
due to differences in the stimulation reaching the man rather than 
to the repeated responses he is making. The fact that tasks of 



>36 PERCEPTION AND COMMUNICATION 

m dtjine1“ repeatedly in this chapter, show 

acdv-r"®' ■"'>■“"= >haf repeated 

muscular activity is not in itself sufficient to produce a fall-off 
in response. Conrad and Hille fnunri • m i 

when thpv ro^aoe... j ^ tound similar results 

to packTariMn I ' I ” ’"‘““^‘tial situation 

sLe trSout r/d"’ “'"^/emained much the 

as that on the five-choicl tesk L^'' ■""eased just 

obtained from inrincf (The classic fatigue’ curves 

take little account of th^fp^H^ somewhat suspect, because they 
tools away at the end of the'd"^ of workers to spend time putting 
start a Jsh bamh ^ "'"5' unwilling to 

work. These tmrs I n <" ^top 

it is essential to observe iL’IetuTtim'’™™" 

tions before drawina p i • * spent on working opera- 

work on pertrlrnce 

towards the end of the day tSl deteriorate 

increasing variabilitv of wnSi • J^l'P^tiking one did not.) The 

that the filter begins^to select hrdevant'w^"'’'*-’’^ 

brief spells. evant information for occasional 

fou'nV'SaT;7oirg^i=Vot So 

of average performance On ih ordinary measures 

1940) the deterioration is ° Drew 

tasks such as changing fueT-talks'" °f peripheral 

mstrument in the cockpit to ooncentrating on one 

result resembles those on industrial "'**"■■■ This 

choree reaction task in that 1 , ? ? *0 fi™- 

simple theory that repeated ‘l‘®™’t to uphold the 

these indications thafthe chan^™**^ b^ome less efficient. But 
is rather increase in variabilitv® d°™'^T® Prolonged work 
the change is a perceptual rather ih themselves show that 

Mote positive in to TlS.*™ " -"“‘or one. 
tasks on the border-line betZ •"?, '■■■Poriments using 
Once again, the experiments of normal work, 

and of Wilkinson are examples. Th Andrews, 

two keys are being pressed at ." ""bne in efficiency when 
perceptual in origin, since it is ' , '■’"■'y be 

is being pressed at rare great when only one key 

and infrequent intervals. Another 



THE GENERAL NATURE OF VIGILANCE 137 
example of a border-line task is one used by Saldanha (1955), 
in which a vernier gauge had to be set to readings prescribed one 
after another by a mechanical device, each setting producing the 
next problem. Saldanha found that the rate of work did not 
decline with prolonged work, but that the size of errors increased. 
This can hardly be due solely to a decline in the efficiency of 
the motor system: if coordination was deteriorating, causing 
errors in adjustment, they would presumably be observed, and 
some attempt to correct them made. This would give slower 
performance and equal or increased errors depending on the 
extent to which the poor coordination could be offset by repeated 
attempts on each problem. The actual result, increased errors 
and unaffected speed, su gg ests that the errors were unnoticed, 
a failure of perception rather than response. It was also found 
that a rest away from the task restored efficiency, as would be 
expected, but that if a cancellation task using a quite different 
form of response was performed during the interval in the 
vernier task, recovery was not as final as with complete rest 
(Saldanha 1957). 

Another border-line experiment is that of Siddall and Anderson 
(1956), on tracking. Prolonged tracking does not usually show 
any deterioration (Hoffman and Mead 1948). Siddall and 
Anderson felt that this might be the result of the varied stimula- 
tion which a constantly moving track provides. They therefore 
set up a compensatory tracking task, in which the subjects had 
to hold a pointer steady against a mark by cranking a hand-wheel 
at a constant rate. Errors in this task increased as time went 
on, which agrees well with the theory that the subjects did not 
notice their own errors in such a monotonous task. 

Lastly, there are certain experiments in which the possibility 
of perceptual failure in prolonged work was deliberately set up 
in opposition to motor failure, for experimental testing. Some 
studies of lengthy tasks for the U.S. Air Force had made use of 
the Hullian concept of reactive inhibition. This concept w’lll 
appear repeatedly in the next two chapters. In simplified 
it asserts that the occurrence of any response lowers the probability 
of that same response for a time. This postulate was found useful 
in explaining many of the phenomena of human prolonged wor . 
for example, the fact that brief rests interspersed in the session 
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expectancy and of activation theory. But the conception that 
the intake of information from the task is occasionally interrupted 
seems to be well-founded, and this may be interpreted plausibly 
as being due to passage of some irrelevant information through 
the filter. 

In considering this aspect of human performance, the concept 
of reactive inhibition appeared. There is another way in which 
that concept has been used in this field: in relation to individual 
differences. As individual differences arc in any case of interest 
and importance, we shall now turn to them as a preparation for 
a more detailed survey of reactive inhibition in general. 
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to correlate highly with a psychiatrist’s opinion as to whether 
a given neurotic is dysthymic or hysteric; the other factor 
will correlate with the distinction between samples of neurotic 
persons and samples of unselected (presumably mostly normal) 
persons. 

The rationale of such factor analysis has been a subject of 
controversy for many years. In its earlier forms it attempted to 
describe complex matrices of correlations by factors chosen for 
purely mathematical reasons: for example, if a group of tests A 
correlated highly with one another, but not at all with another 
group of tests B, it could be argued that the inter-correlation 
was due to a single underlying factor which the tests of group A 
assessed with more or less success but which was not involved in 
those of group B. This could be done purely from the set of 
correlations without any knowledge of the actual nature of the 
tests used. Unfortunately matrices of correlations do not always 
fit into such simple patterns, and it then becomes doubtful which 
of several possible descriptions in terms of factors is the best. 
Thus if the group B tests correlate slightly with those of group A 
but not as highly as the latter do with one another, should we 
describe the situation by one general factor measured to some 
degree by all the tests, with subsidiary factors accounting for the 
remaining inter-correlation ? Or should we speak o 
more equal factors ? The decision as to which tests shall be 
regarded as the purest measures of a factor is also to some extent 
ambiguous. Decisions taken on purely mathematica groun s, 
as for example that as many tests as possible should be unrelated 
to as many factors as possible, although they may give an un 
equivocal set of factors, are somewhat questionable since the 
assumptions on which they are based may not be va i tn any 
particular field of interest. For this reason many people ha 
felt that the factors emerging were psychologically meaningless. 
The difficulty is a sophisticated form of the old Ptoblem of 
interpreting correlations. If there is a 
wearing spectacles and having bad eyesight, we do not decide o 
the underlying cause of the correlation ^ 

might lead L to forbid the wearing of spectacles, as ‘hey obviousty 
cause defective vision. Rather we interpret e m 
by our knowledge of other facts. Similarly it was felt that the 
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that normal people who do one of these things have a tendency to 
do the others. How’ever, a psychiatrist’s opinion is itself a ques- 
tionable criterion. Even in physical complaints failures of 
diagnosis do occur (Irvine 1957) and opinions may differ even 
more in psychological disorders. It is presumably for this 
reason that Eysenck has suggested the rate of accumulation of 
reactive inhibition as a mark of degree of extraversion. There is 
some hope of tying degree of inhibition down to objective measures 
and so obtaining a criterion more satisfactory than psychiatrist s 
diagnosis. The attempt is in fact to preserve the psychological 
basis for the dimension of personality, while at the same time 
avoiding the weaknesses of the original criterion. It is perhaps 
unfortunate that the Hullian concept should have been chosen, 
since as we shall see in the next chapter reactive inhibition is 
open to a number of objections. But if we translate the term 
as meaning simply ‘ decline in performance after repeated per- 
formance then the suggestion that this is a function appearing 
most markedly in persons showing the ‘ extravert ’ pattern in 
other respects becomes an interesting possibility worth examina- 
tion. 

The preceding digression puts in some perspective the hypo- 
thesis that extraversion is characterized by a tendency to reactive 
inhibition. Many, especially among experimental psychologists, 
will have doubts and reservations about both the crucial terms m 
this hypothesis. But nobody can deny that certain features ot 
the hysteric do to some extent appear together to the same degree 
in the same person. Is one of these features a ten ency o 
decline in efficiency after prolonged work ? 


Data from Vigilance Tasks 

Almost everybody who has worked on vigilance has 
marked individual differences. But it has not usual y been 
possible to note any other features of the persons w.th the best 
or worst performances. Mackworth (1950) found that ess 
deterioration appeared in more experienced "etc - eep . 
in general in subjects who saw a high proportion of s.gna s a, ,hc 
beginning of the run. This seems likely to be connee ed w.th the 
effect of signal frequency which was discussed in the '““hapten 
and requires no assumption of differential ra es o 
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factors underlying matrices of correlations should be chosen for 
reasons outside those matrices. 

Eysenck s work has attempted to meet this objection, since, 
having described the intercorrelations of numerous tests by two 
factors, he then fixes the final choice of these factors by psycho- 
logical criteria. These criteria have been mentioned above: 
they are for the neuroticism factor the distinction between people 
under treatment for neurotic illness and those who are not, and 
for the second ‘ intraversion » factor the diagnosis of type of 
illness. In adopting this course he has considerably weakened 
t e case of opponents of factor analysis, which is mostly based on 
the inadequacy of mathematical assumptions as a guide to dis- 
entang mg empirical relationships. The mathematical aspect of 
actor analysis in Eysenck’s work may be described as demonstra- 
ting that tests which discriminate between his criterion groups of 
people do mter-correlate when applied to only one grLp: the 
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A score representing decrement within runs was taken from 
the twenty dials test by subtracting the end of one run from the 
beginning of the next: this score correlated with the triple 
tester index, tau = — 0-46, which was significant at the 0-01 level 
on the twenty-one subjects used. (Product-moment correlations 
would have given higher numerical values than tau does, but it is 
doubtful whether the distributions involved are normal or the 


regressions linear, and tau was therefore employed.) The minus 
sign before the correlation indicates that the intraverts showed 
less deterioration during runs. 

The twenty lights test is generally similar to the twenty dials: 
from the group of twenty subjects used in the noise experiment 
mentioned in Chapter 5, a score of temporary decrement was 
taken by adding up for each subject the amount of decrement on 
each 4 days. (Two of the days were of course in 100 db noise.) 
This score gave a tau with the triple tester index of — 0*42, 
which is significant at the 0*02 level. Slightly more data on the 
procedure used in obtaining these latter two correlations are to be 
found in the first cyclostyled report of the noise experiments 


(Broadbent 1951). 

As has been argued in the last chapter, there may well be an 
analogy between vigilance tasks and continuous serial tasks such 
as the five-choice serial reaction task. On a third group o 
eighteen subjects, the decline in performance (as measured y 
number of correct responses on the latter task) from the r^ 
10 min of a session to the second 10 min was determined for each 
of 2 days. One day was in 100 db noise. The decrenient 
correlated with the triple tester index, giving a tau of — . 

which is significant at the 0*02 level. It is extreme y mteres mg 
to note that it is only the decrease in correct responses which gives 
this correlation. The increase in errors or of gaps without 
response does not correlate. In terms of the interpretation given m 
the last chapter, all subjects show a tendency for the filter to selert 

information irrelevant to the task when they have ®^tlwor-ing 

a time. These shifts of the filter appear as gaps ot “r^r®. h 
it is during the intervals between these gaps that 

differences appear, some working harder when t ^‘tpe , 
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performance even during the time bet\vcen gaps ( roa 
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peculiar to the individual. If he secs fewer, he deteriorates more, 
but it is his inability to sec which is primary rather than his rate 
of deterioration. To eliminate this factor requires a vigilance 
task in which signals remain visible until detected, such as the 
twenty dials test. In the latter, individual differences in decre- 
ment within runs did not appear to be connected with initial level. 
On the contrary, they were correlated with the amount of improve- 
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was also no correlation between the index and intelligence in 
other cases in which both scores were available for the same 
subjects. The results are therefore not due to a partial correla- 
tion with intelligence (Broadbent 1951). 

Having thus made it unlikely that this individual difference is 
purely a laboratory affair, we must now turn to the validity of 
equating it with the dimension whose extremes are dysthymia 
and hysteria. As has been said, the triple tester index is not 
identical with the goal discrepancy score which is known to 
discriminate the two types of neurosis. There might therefore 
be some doubt about using it as a criterion. This is particularly 
true since in a very small-scale experiment the writer has been 
unable to find any correlation between it and a measure of 
extraversion taken from a questionnaire. The questionnaire 
score was therefore obtained from a number of subjects who were 
being used for certain other prolonged tasks. This questionnaire 
(Heron 1956) includes a number of questions which had been 
shotvn to give different answers from a hysteric group and a 
dysthymic group. There is of course no guarantee that the 
answers are truthful ; this point should be emphasized, since there 
is sometimes misunderstanding about it. All that is 
that one type of answer comes from those diagnosed as hjstenc 
and one from those diagnosed as more anxious typ^ o 
It may be that a particular type of person is more >"bhncd “ he 
or attLpt to play jokes on the cxpenmenter; but the reaso 
for his answers do not concern us as long as we do 
that they are truthful ones. It is quite sufficient for 
that a particular answer comes from hysmncs, even though it 
may ‘ really ’ mean that hystencs tell a particular “e- 
The first task we may consider is one of perform g 
subt“s. The subject observed a 

slot until he felt sure that he knew it. Then he ^ 

which removed the six-digit number and ^ 

number. He subtracted the latter from former, '^tin^ 
the answer, and finally Pres-d ’he button o h • 

Thirty such problems were performed at a sitti g, 

of decrement after prolonged " problems and that 

the difference betiveen the time for the hret ran pr 

for the last ten. Fourteen subjects performed the task 
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Thus far there seems to be some connexion between the 
triple tester index and resistance to the ill-effects of prolonged 
work. But it might well be argued, as all this research was 
carried out under research conditions and on naval ratings, that 
the correlation is due merely to the greater enthusiasm of some 
subjects for the research or some similar factor. It might be 
that persistence in real-life situations would not continue to 
correlate with the laboratory results. For this reason an attempt 
was made to confirm that high scorers on the triple tester index 
were resistant to the effects of prolonged work outside the labora- 
tory. sample of twenty-two naval ratings was divided into 
wo groups according to whether or not they continued with 
some orm o urther training (usually evening classes or appren- 
ticeships) after the age at which the law allowed them to toe 
on ^ “g"'ficantly at the 0’05 level 

tion. n ^ tester index, t = 2-14. (In this case the distribu- 

irnlnverr ^ ‘ than tau was 

bridv/r ■ j'ttind real-life task examined was the Cam- 
tioto JfT"' psychology. This examina- 

had eiven I r engthy one, and a number of undergraduates 

berofftTk r th “ P”' “f practical work 

of d scof 'L examination. Unfortunately there is no way 

berinuTne and d P'rf"™”"™ °f each student at the 

be made that th " ° examination, so the assumption has to 
do well ln th Pt“' 0 "Sed work would 

ionrtask itself only because it is a 

When the twe f because the preparatory work is lengthy, 
li able we ™ results were 

HotumTntrotrd'tyr™^ 

or third cItcq T 4 r, \ those receiving bottom second 

.rVtoestlndto“7o? Su dW ’ *■= 

only significant at the 0 

are only iustifierl Jn • ^ one-tail test. That is, we 

regarded one in the the finding if we would have 

vifwofthrfrprtiorr^lt^'^^^^^ ? 

It should be sairiha n th ^ P“’“‘P^ 

scores were available for th^ intelligence test 

with the triple tester -d showed no relation 

■noex. (the test used was AH4.) There 
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subjects would also show some very fast responses during the 
periods between gaps : so the increase in the range of the reaction 
times when the last five reactions were compared with the first 
five was calculated for each subject and correlated with intravert 
types of answer to the questionnaire. Tau was 0-67, which on 
twelve subjects is significant at the 0-05 level. Thus in this 
case the more extraverted subjects did not do relatively worse 
as time went on; they merely showed a smaller increase in the 
variability of their reaction times. The result is, however, quite 
in accordance with the views we have previously expressed ; if the 
individual difference we are examining is largely one of per- 
formance between gaps, it will be variability rather than mean 
performance which will be affected in a task such as Wilkinson s. 

So in summary there is some evidence that if people are 
‘ extraverted ’ in the sense that they perform some tasks more in 
the same way as hysterics do; then these people show a lower 
level of efficiency during the time between the gaps in performance 
which appear after prolonged work. There are a number of 
negative findings on other aspects of this individual difference 
which should now be mentioned. But it must first be pointe 
out that negative findings are worth far less than positive ones, 
on material of this type. A significant correlation reveals some 
real relationship, although our interpretation of it may be at tault. 
But a real relation may fail to be statistically signi cant sirnp y 
because a small sample has happened to include one or two 
subjects. Although the following data fit in wt t e ® 
views, therefore, great caution must be used m accepting 

until more copious results are available. . j*j * 1 ,,. 

In the first place, in none of the questionnaire studies did the 
incidence of neurotic answers, as opposed to mtrave ,j 

ones, show any significant relation to prolonge u or '. * 

the leg persJence test (in which the subject 
supported leg outstretched for as long as e ^ ^^sk 

from eighteen subjects from whom scores on ^ ^ . .j 

were also available. There was no significant ^ 

decrement in performance. Altlmugh 

was small, particularly as once again they ha no -ngicd tau 
identically on the fi4-choice task and therefore a pooled _ta^ 
had to be calculated, this result is to be expecte 
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successive days; the decrement scores were summed for the two 
days. As eight of the subjects worked in 100 db noise on one 
of the days, four of them on the first and four on the second, it is 
desirable to consider the subjects as three separate samples for 
correlational purposes. Fortunately tau may be summed over 
three such groups, and the pooled value was in this case 0*50, 
which is just significant at the 0*05 level by a two-tailed test. 
The direction of the correlation was that expected; that is, the 
more extraverted the greater the deterioration with prolonged 
work. This result has not been published previously. 

Another unpublished result is that of a similar correlation in the 
research of Baker (1956) mentioned in the previous chapter. In 
this case the task was, as will be remembered, to detect brief 
spots of light appearing on a simulated radar screen. The 
subject’s chair was mounted on counters, so that his increasing 
restlessness as the task went on could be recorded. The amount 
of increase naturally depends on the initial level, some types of 
restlessness affecting the counters more than others. If the 
relative increase in restlessness is correlated with number of 
questions answered in extravert fashion, there is a tau of 0‘60, 
which is significant at the 0*05 level on the fifteen subjects used. 
It is interesting and important, however, that there was no 
correlation between extraversion and decline in the number of 
signals detected on this task. We shall have cause later to 
emphasize that negative results mean little on groups of this 
size: but even so this fact is suggestively parallel to the failure 
to find a correlation between the triple tester index and increase 
in gaps or errors on the five-choice task. The individual differ- 
ence is in the level of performance between gaps, and it was 
argued in the last chapter that tasks such as Baker’s, using 
transient signals, are seriously affected by gaps. 

A third unpublished correlation has been run between extra- 
version and the task used by Wilkinson (1 957) in one of his experi- 
ments. He measured reaction times to unexpected signals 
occurring at rare intervals during a watch of 25 min. The trend 
of the results on mean reaction time was unrelated to the ques- 
tionnaire replies, but it is argued by the present writer that this 
was because gaps would cause the most persistent of subjects 
to show some very slow reactions. On the other hand, such 
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learning. A similar though slightly different interpretation is 
that of Hilgard, Jones and Kaplan (1951), who regard the more 
rapid conditioning as due to a specific defensive drive which is 
stronger in the anxious subjects. This particular interpretation, 
as opposed to that of Spence’s associates, is partially supported 
by the results of Bindra, Paterson and Strzelecki (1955), who 
failed to find any difference between two groups of high and low 
anxiety when using salivary, rather than eyelid or PGR con- 
ditioning. The same Taylor scale of ‘ manifest anxiety was 
used as in the work of Spence’s associates. However, there may 
be other differences between the two procedures as well as the 
difference in the type of drive involved. For instance, if \\e 
prefer to emphasize reactive inhibition rather than drive strengt , 
we may point to the interruption in the conditioning proce ure, 
introduced by the need to insert a cotton wad into the subject s 
mouth every eight trials to test the strength of conditioning: 
such an interruption is unnecessary in the eyelid conditioning 
situation, and might have acted as a ‘ disinhibiting stimulus m 
the former case. Equally, if reactive inhibition with its rapid 
dissipation is the important variable, the interva 
ditioning trials may be crucial. In the Spence and Taylor 
research it was only 20 sec, while in that of Bindra et al 

We m™"ummarize these results as follows: if anxious indivi- 
duals have a different level of drive to others, it is ^ligljtb ^ 
likely to be a different level of specific defensive ri\e ^ 
of general non-specific drive. But the results may cqua 1> 
be due to differences in the rate of /J/HuUian 

inhibition (bearing in mind the cautions a out le 
terms rvhich have already been nrenooned and 
later). The eonditioning e.vperimen.s 

distinguish beuveen drive level, reaettve ■nh.b.t.on. or for tha 
matte? any other of the variable «h, eh on a Hu - — 
of conditioning may raise “"t*, „nc of the 
If it is asserted that the individual differcn 
concepts used by Hull rather than in any o [,j,„ccn 

he possible to make predictions whiclureuldd^ 

that possibility and the ‘ l„cn done, 

testable cxperimcntaHy; but this docs no 
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one; although leg persistence docs differentiate dysthymics from 
hyst^erics, it is very largely a measure of neuroticism (Eysenck 
194 <), If decrement on the five-choice task is not related to 
neuroticism, it should show little relation to leg persistence. 

The importance of leg persistence from our point of view is that 
It obviously does not represent any transmission of information 
through the man whatsoever. If the peculiarities of extraverted 
people lie in the detection of events outside themselves, then 
such a task will hardly reveal them. 

The results considered in this section are hardly perhaps more 
^ suggestive. Nevertheless, they do give a reasonable 
probability to the view that extraverts deteriorate more with 
ime m certam kinds of tasks. Let us notv consider evidence for 
tnis conclusion from other sources. 


Extraversion and Decrement in Non-Vigilance Tasks 

Hitio classical con- 

dmoning should be mentioned. Franks conditioned the eyelid 

dysthymics and of hysterics, and showed 
raniHlv gcccp reached the criterion level of response less 
conditioning of the PGR. A 

X fmfnd tT *’>' “"d Kubis (1947a, b) 

Tondil "i f , S'^ve rnore rapid 
that hvsterifs" ^ m rreponse than normal subjects did, and 
that hysterics were very difficult to condition 

resD"oi co°dV ‘''T '* 'he eyelid 

SaTre LaleT' f ’’“P'' highly on a ques- 

and by Spence auTTaylor msi by Taylor (1951) 

and\i™ivefnhVt- “ =***'“bed relation bLeenifrairsTon 

ties in thTwainf r ’ “* considerable difficul- 

Tn i d ? , -ntcrpreting the results already given. 

associates u;11heh‘resut'T"“7 

They hold rather thtar •’ ^ ^ mention reactive inhibition. 
seS a stl?e whnf “ general drive in the Hullian 

nanidl 4= occurrence of 


. , A , rcQucuon reinforces the c 
particular stimulus-response combinations. The more anxious 
individuals haVe a higher drive-state, and thus show more 
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learning. A similar though slightly different interpretation is 
that of Hilgard, Jones and Kaplan (1951), who regard the more 
rapid conditioning as due to a specific defensive drive which is 
stronger in the anxious subjects. This particular interpretation, 
as opposed to that of Spence’s associates, is partially supported 
by the results of Bindra, Paterson and Strzelecki (1955), who 
failed to find any difference between t^vo groups of high and low 
anxiety when using salivary, rather than eyelid or PGR con- 
ditioning. The same Taylor scale of ‘ manifest anxiety was 
used as in the work of Spence’s associates. However, there may 
be other differences between the two procedures as well as the 
difference in the type of drive involved. For instance, if we 
prefer to emphasize reactive inhibition rather than drive strength, 
we may point to the interruption in the conditioning procedure, 
introduced by the need to insert a cotton wad into the subject s 
mouth every eight trials to test the strength of conditioning: 
such an interruption is unnecessary in the eyelid conditioning 
situation, and might have acted as a ' disinhibiting stimulus in 
the former case. Equally, if reactive inhibition with its rapid 
dissipation is the important variable, the inter\’al between con- 
ditioning trials may be crucial. In the Spence and Taylor 
research it was only 20 sec, while in that of Bindra et al. it was 


about 1 min. . . . . 

We may summarize these results as follows: if anxious indivi- 
duals have a different level of drive to others, it is slightly more 
likely to be a different level of specific defensive drive rather than 
of genera! non-specific drive. But the results may equally well 
be due to differences in the rate of accumulation of reactive 
inhibition (bearing in mind the cautions about the use of Hulhan 
terms which have already been mentioned and w,l be repeated 
later). The conditioning experiments so far employed do not 
distinguish between drive level, reactive inh.bmon or for that 
matter any other of the variables which on a Hulhan account 
of conditioning may raise and lower the level of performance. 
If it is asserted that the individual difference is in one of the 
concepts used by Hull ratlicr than in any of the others u should 
be possible to make predictions which would differentiate between 
that possibility and the various others, and which would be 
testable expcrimcntallv; but this docs not seem to have been done. 
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For example, the effect of varying the inter-trial interval could be 
determined. On a simple interpretation of the competing 
theories, diffemnces in reactive inhibition should mean that the 
anxious individuals will be relatively much less impaired by 
shortening the interval between trials, so that the correlation of 
conditioning and anxiety would be less, and even possibly absent 
with long mter-trial intervals. On a drive-level theory, the 
mter-trial interval should affect all individuals in the same way, 
and the anxious individuals would be the best in all cases. No 
such result which would distinguish the various possible theories 
has as yet appeared from the conditioning situation, although it 
seems agreed that time taken to reach a given level of conditioning 
IS an important individual difference and is somehow connected 
With anxiety. 

diSrof*^ difficulty of interpretation, there is a second 
dimension ^ what is meant by anxiety as a personality 

British subjects, hysterics score as highly on the Taylor scale of 

reeaS dysthymics do.^ In fact that scai might be 

system rather ° neuroticism on Eysenck’s two-factor 

found that^n fo<raversion, Franks (1966) 

correl e with H ' ^r'' TP'" failed to 

comelate with degree of conditioning. 

If oL"taS f difficulties of subject sampling. 

Les ™e Jl,Th7- be --4 

sample of hysteric neuroli “ 

in dv«?thvmiVe o ri 1 • I ’ conditioning were high 

from a of -"ieffi falsely concluL 

Waning rT °f dysthymics that nenrotics have a high con- 

that this has happened?rthercluhs°5s‘i^'' 

Som 

psyeStrfo SgTo's!; ^ 1 *^^ i" 

feumslt “^’’agrerd" “"'h 

diagnosing individual cases’ As th^LvhT™'^ difficulty m 
often described, the hysteric’s svmmo P"l'''^°ffiS‘“l Process is 
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usual sense of that word (Henderson and Gillespie 1947, p. 171). 
The contrast beUveen the hysteric and the dysthymic is rather 
that the latter’s anxiety is more persistent and ‘ long-range ’ in 
its scope: the hysteric may become quite calm and indifferent 
once he has established his symptom. 

It is this kind of complex relation between anxiety as a general 
characteristic of neurotics on the one hand, and as a particular 
diagnostic feature of one kind of neurotic on the other, which 
makes it difficult to be sure of the reasons for the difference 
between the results of the followers of Spence and of Eysenck. 
Equally, it is not clear from existing data which, if either, of their 
theories is correct. 

While on the subject of the ambiguity of anxiety ’ as a charac- 
teristic of individuals, it is worth mentioning that a considerab e 
literature now exists on the relationship between ‘ anxiety and 
educational attainment. For example, Lynn (1955) shows that 
children scoring highly on a questionnaire about worries and 
fears also have a higher reading attainment for their age. u i is 
not clear from these data alone whether these children are closer 
than the average to those features which all neurotics l»ave in 
common: or whether on the other hand it is those 
distinguish the dysthymic from the hysteric whic a so PP 
in these highiy attaining children. Both intraversion and 
neuroticism in various senses have been atm ute o ° 
do well academically (Gough 1946, 1949 ; Vernon 1939 
MacQuarry 1968); in some societies, of course, mtraverston may 
well be more synonymous with social abnormality so wit 
neuroticism than it is in others. To sum up. ^cre >s 1 1. le doubt 
that anxiety, in some sense of that word, “0“ " 
conditioning and to good academic achievement. 
sense in which this is true is somewhat uncertain. Th 
differences may be due to drive or to reac ive Hullian 

motivation or to fatigability, if one wishes to keep dear of Hull an 
terms. Or some other interpretation may be the correct o.h_ 
curve of number of CRs against successive “'s “ Franfe 
results is parallel in the dysthymic group to a suggests 

group, though starting from a h^her level. This uggesK 
that the difference may be due to differences m < 

of response-anxious people blink more often. The 
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For example, the effect of varying the inter-trial interval could be 
determined. On a simple interpretation of the competing 
theories, differences in reactive inhibition should mean that the 
anxious individuals will be relatively much less impaired by 
shortening the interval between trials, so that the correlation of 
conditioning and anxiety would be less, and even possibly absent 
with long inter-trial intervals. On a drive-level theory, the 
inter-trial interval should affect all individuals in the same way, 
and the anxious individuals would be the best in all cases. No 
such result which would distinguish the various possible theories 
has as yet appeared from the conditioning situation, although it 
seems agreed that time taken to reach a given level of conditioning 
is an important individual difference and is somehow connected 
with anxiety. 

Besides this difficulty of interpretation, there is a second 
mthculty of identifying what is meant by anxiety as a personality 
imension. ccording to the work of Eysenck’s associates on 
British subjects, hysterics score as highly on the Taylor scale of 
mnald d dysthymics do. In fact that scale might be 

neuroticism on Eysenck’s two-factor 
intraversion. Franks (1956) 

corrl^ failed to 

correlate with degree of conditioning. 

If of subject sampling. 

States nn who all happen to be anxiety 

TarJinfe of Vr from tLm than from a 

in dvsthvm'^^ neurotics. If rate of conditioning were high 
from a i"ight falsely conclude 

ditioninp rati Th neurotics have a high con- 

that this has happemd^rther«uhs“ofs“'‘ ™ 

p “^%?-SoX^Th“ia":rf 

psychiatric din ^ *”Pf^ticed by errors in the original 

nrerai P°‘"'-"g while the 

feZl t hTdi 1“”"= *yp“ of 

diagnosing individuar^cases’ ‘^’''thTpsych T”" 

idon m ‘^ceni;^: rde“Lte 

solution to a conflict which may well involve some anxiety in the 
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ficance. On the other hand, preliminary results by the writer on 
fifty normal subjects do not support Eysenck’s findings, no doubt 
because of some difference in the figural after-effect technique 
employed. This discrepancy is still being explored.* 

Eysenck (1956) used the pursuit rotor, described in the last 
chapter. A rest pause on this task produces an increment in 
performance which is often ascribed to recovery from reactive 
inhibition. When the amount of reactive inhibition is assessed 
in this way there are some signs of a correlation with extraversion. 
Two rest pauses were used, and the pooled measure o reminis 
cence ’ (rise in performance after the pause) was not quite sigm 
ficantly related to extraversion. On the other hand, i t e 
of reminiscence is taken from the first pause on y, t e corre a i 
is significant. This is perhaps acceptable. ^^Hullian theory wo^ 
expect reactive inhibition to play relatively ^ ^ j. 

owing to the development of conditioned m i 1 1 I 
striking is a large and comfortably significant 
reminiscence and neuroticism. This paper a so “ various 
esting observations on the correlations between ^ 

phenomena often observed on the pursuit rrirrelations 

practice and decline from peak performance ^ pheno- 

may provide evidence on the extent to whic earlier that 

mena are produced by common causes; 
correlational evidence is insufficiently use 

The general effect of these two papers, we» 

is to make us more inclined to treat the m ivi after 

is characteristic of extraversion, as one w ic pp 
time spent in a situation. This does -t necessanly ml= 
possibility of differences in drive, S’™' Reactive inhibition; 

drive state may produce greater rests an difference in initial- 

hut it does make it less likely that a simple difference 
level of performance due to drive is operaung. 

Jeita have been obtained from a 
* Since the above was Witten, sucsest that the intraverts 

modified psychophysical procedure ^ whole experiment, 

are more influenced by their jLphysTcal errors in later 

They are thus less susceptible to simulated a smaller 

determinations, and this by Eysenck. This result 

figural after-effect in the procedure 
supports the view advanced later in c 



154 PERCEPTION AND COMMUNICATION 

infcidual differences in conditioning has not been analysed 
sufficiently as yet to justify the equation of extraversion with one 
particular one of the many Hullian intervening variables. 

Two other studies by Eysenck {1955b, 195C) attempt to break 
away from these difficulties by showing that individual differences 
are m the after-effects of exposure to a situation rather than in the 
mitial response. In the first cited, Eysenck used the tactile 
hgural after-effect on groups of hysteric and of dysthymic patients. 
Ihis test IS one m which subjects are first asked to determine the 
point on a wedge presented to the left hand, at which the apparent 

a S”" ““ presented to the 

ght hand Next the subject is asked to feel with his right hand 
another block of different width to the standard. Lastly, he 
makes another judgement of the standard. Many subjects under 
uch conditions judge the standard differently on the second trial, 

wLk Tbl ■ ; the interpolated 

intervnl J ^7^? narrow block is presented during the 

known aftmvards feels wider. This change is 

satiation of tbf “^*'t-effect ’ and ascribed by some theorists to 
fieure Th ^t'ttex stimulated by the interpolated 

™ Similar ii some 

r/inhibifioT 1956), provided one thinks of 

overdone V.h ® P““P‘-aI response rather than the 
analoevissten ^ some people may feel that the 

Td tfen oreH , f ‘<=‘>^t provisionally, 

”nd „ " t , ” hL a greater 

feurarafte^ff I s'? c'’"'™ show larger 

-s- s large step, it 

isabou^tL'^ ^ 

Ifcts and re '^'tween figural after- 

^dh^uafdifeen^sTn^w 'T 

been neglected. general theories has 

cor^rdafion betoe" in his hysterics, and a 

the Se of thl fiv “l ‘If “f sxtraversion and 

05 level, th,j overall effect reaches an acceptable level of signi- 
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tSU '“‘■"‘"S ‘o experiments more distantly connected with 

tt work of' n “hibition. This is 

nerformt ^ ™ ‘"‘■‘"dual differences in prolonged 

Ln X r" ' Davis fLnd Lt 

P olss Xm ' j" tive. But in some this 

S sXerr ‘’‘^'"^•oP'd. and was associated 

TsW -nX r ■“ "'d'' disturbance 

corrections sXt Reared a change to low frequency of 
Xe s er’indVn “ >“"S The pilots 

more lTabV," hy psychiatrists, and each assessed as 

H his ‘yP-^ of neurosis. 

experLt' reXsTherr?'’^^''' 

pilots more likelv to ’• ® ^ significant relationship, the 

who showed hyp^eractivitvTX "“7''" eynptoras being those 
Hyperactivity m the simulated cocknJt 

as SprnXn?Tav1or'’r/““'‘ ""n® °f “ drive theory, much 
conditioning. But whf>^ 'ntepreted the differences in rate of 
difference in drive leveX n' ‘nterpretation regarded the 
treated it as develtmeH k PT*'".' f™™ the beginning, Davis 
anticipatory tension is ^ situation itself. He regarded 
nient may be delivered'* "^AUhoI* 'h "* 7 "''’“h punish- 

of a primary drive such as h. ^ response, it has the effects 
the general level of activity anXa”'^ ‘‘ ‘"ureases 

probability of immediately n • '^"^“Utlon m it will increase the 
These effects are normall ^ responses recurring in future, 

avoiding altogether situation****'* I"- 1"'* '”** '^^'*“** *'*'' organism 

•some rLon the enXnl .'X*' ‘^‘“naging. But if for 
mechanism may cease to bp a ®'*.n“nnu is a peculiar one the 
aircraft cockpit the hvnp 7 7‘‘Pn''u “"e : thus in the simulated 
of achieving'^^neeess X , ‘•'=“uases the chances 

""ith punishment and’somore‘’tcXXT‘h'‘"* "'““k 

out of control. In some inAi a *1’ thus becomes 

stimuli assoc\ted with punishXl^ *' “'“PPud by the 

This also is a\aIadaptrSX *“ 

activity at the cj^t of abolishinc rife 7 ’''“"'‘''u® *0 hyper- 

oiishing the mechanism which reinforces 
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successful performance of the task. In mentalistic terms, the 
man ceases to care. The preference for one or the other of these 
maladaptive mechanisms mil be individual and apply to other 
situations besides the performance of a skilled task: hence the 
correlation with psychiatrist’s opinion. 

Davis’ views obviously owe a great deal to those of Mowrer 
(1950) and other exponents of ‘ acquired drives ’ in learning 
theory; and it can be seen that they cut across the division ot 
drive and reactive inhibition theories. The difference is ue to 
drive, but develops only as a result of exposure to the situation. 
Some of the results we shall ne.\t consider from experiments 
which do not involve prolonged work, can be readily interpreted 
in this way. 


Evidence other than Differences in Decrement 

In this section we shall examine some of the 
hysteria is associated with inadequate reaction to cer ai 
difficult situation, other than 

Fould3(1951, 1M2) studied performance of a number of ^ 

groups on the Porteus maze test. In this test “ 

maze placed before him and is asked to trace a P 

with a pencil, without entering blind alleys 

representing alley walls. Groups of hys enc p 

spend less time observing the „acing 

than groups of dysthym.es J** ^ ;„%eed are gained 

the path once they begin. These . ^ 

to some extent at the expense of an riifforent tvoes of 

relation between speed and accurai^ m • r ™ Eysenck’s 

neurotic has been mentioned previous y as an 

work. It is noteworthy, howeve^ 'bdn“ treLlous and wavy in 

:xte«tmrr— ^Xmlll^betweensp 
and diagnosis is not a s™?'! j, ftom the present point of 
The chief interest in T™lds ‘ plied during the 

view, however, is in the effect o experimenter to count 

task. The distraction used was fo -juent to repeat each 

aloud, one number every 2 sec, and for the patient P 
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Before turning to experiments more distantly connected with 
this held, we shall consider one major study which is relevant to 
the distinction between drive and reactive inhibition. This is 
the work of Davis (1948) on individual differences in prolonged 
performance in a simulated aircraft cockpit. Davis found that 
COTtrol correction's tended to become rather more numerous than 
as best from the point of view of performance. The pilots 
sed as subjects became, in fact, over-active. But in some this 
vrirsiA T" and was associated 

Tf disturbance 

correeiin ° ^ appeared a change to low frequency of 

were seen ■ 'a P"*“=d for a long time. The pilots 

more liable psychiatrists, and each assessed as 

If this e " “ hysterical type of neurosis. 

eUrimet “ T f^om the 

pilots more Iikelv°t *’■ ” significant relationship, the 

who showed hvn ° anxious neurotic symptoms being those 
Who showed hyperactivity in the simulated cockpit 

as Sp“nd Tavl "'1' much 

conditioning. Bufwherets lheTt?“^ differences in rate of 
difference in drive T, f ^ '"terpretation regarded the 
treated it as develop^ t, ’’tr'"'. '’=gi"'>ing. Davis 

anticipatory tension as , ^ ^e regarded 

mem may be delivered Tldir h “ "'’’‘‘'i* Poniah- 

Of a primary drive such as h ^ has the effects 

the general level nf ser' ■* ”r thirst: that is, it increases 

probability of immediatdvme"^ reduction in it will increase the 
These effects are norrmii ^ ^ responses recurring in future, 
avoiding altogether sitiiit’^ “Ptive and will result in the organism 
■ some reason the environmr^ damaging. But if for 

mechanism may cease to Ke " j is a peculiar one the 

aircraft cockpit the hvn pdaptive one : thus in the simulated 

of achievi.7:Leess 

with punishWntand’so more tenrion'^Tr"' '‘'”“1! 

out of control. In some indJvM , The process thus becomes 
stimuli assorted with nti • k ^ stopped by the 

This also is a\aladaptiv'L "totT7s7"'"® *° ““riety. 

activity at the cast of Thnl' k* removes the hyper- 

y cast of abolishing the mechanism which reinforces 



DATA ON INDIVIDUAL DIFFERENCES 159 
factors determined by a large test battery. On the other hand 
people diagnosed as dysthymics, and normals wiA high 
ticism but low extraversion scores, did better in the middle 
sequence. If an unselected normal group was considered, not 
excluding those with low neuroticism scores, significant 
tions were found between extraversion and relatively low mi e 
sequence performance. In this case the correlations were, ov 

ever, fairly small. , , • j- -j i 

While considering distraction, it should be noted that individual 
differences in the effect of noise on work are noted by many 
authors as being large. It is pointed out by Eysenc 
various German researches have shown that people of short, tat 
body build are slowed more in reaction time y 
noises than people of tall, thin build are. ® ‘ 

body-build Ls been associated by Eysenck (1947) 
exttaversion-intraversion dimension. It has also een s o y 
Sheldon and Stevens (1942) that this type f 
extraversion as assessed by rating scales; althoug 
of course subject to the weakness that the 
any individual personality will doubtless ^ 

beliefs current in our culture about a “"“X thT German 
pulence and sociability. /““'^j'^becLse of Kretschmer's 
researchers were using body-build beca into 

association of body-build with the division o p y „ 
schizophrenic and manic-depr^siye vane les. those 

(1952) showed that tests ' ^tic! And Venables 

which discriminate the two types of _ • serial 

and Tizard (1956a) showed that decrement 

reaction situation was characteristic ° ong direction 

to depressives. a difference which '’“’‘‘.if "™7and work 
if we identify short, fat body-build wi 
decrement. Vre is hem "^di^m 

as that discussed earlier, m the relati xhe exact 

of neuroticism and anxiety as an ind distinction and that 

relation of the intraversion-extravers.™ 

between the different types “f P=y is further com- 

It may be added at this point tb ^P^^^ 

plicated by the variable of age. Im pj-u 

took longer before starting the Porteus maze. 
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number after him. Under these eonditions the dysthymics 
worked faster but the hysteries and psychopaths did not. There 
were some signs in both groups of a decline in accuracy. This 
result certainly suggests that the dysthymics were making some 
extra compensating reaction to the stress condition, such as the 
development of anticipatory tension postulated by Davis. At the 
same time it should be noted that this is not the interpretation 
favoured by Foulds himself, who says rather that the extra 
activity disrupts circular interfering activity (worry and rumina- 
tion, for example) in the dysthymics. Certainly the improvement 
merely brings them up to the level of speed attained by normals, 
hysterics and psychopaths. And there is no statistically signi- 
ficant evidence that the latter group deteriorate under the extra 
stress: merely that the dysthymics improve. Our earlier dis- 
cussions 0 distraction will of course prevent us feeling any surprise 
at the absence of effect from a distraction of this sort ; the counting 
conveys htde information, and there is time between each count 
to deal with the maze-threading task. 

“posing the subjects to 
stressed and unstressed conditions, is that of Venables (1955). In 

seour/ f of two lights. A 

foUoted 1 .°^ siven to each subject, and then 

dfficulf ^5 ■" ‘ho «ak was made more 

lipht arc signal was a simple light, sometimes a 

souL im from Lother stimulus 

simole' seniT response was the same as in the first 

panied b^‘ red'’ aomttimes the signal was a light accom- 
4 e resJ?„,/l^ ™ ff<»" the other source, in thich ease 
the mixed ae ^ opfmsite to that in the simple case. After 

seLrce was ^ difficuh signals, a final 

sSuence had /‘"'P'o lights and presented as the first 

compared for th ormance on these three sequences was 

tte m dl In light signals alone, so that in 

dikrfw were me " lasting efiellts of task 

of distraction. PeopT dinTcallv d"” *’t^, ”°““t“ty result 

in the middle sequeLe than 11 ,h 

in a nnrmal ormirs r*u . ' Other two; so also did those 

meltrX had T 1 “"tP^'d of people not under treat- 

ment) who had high scores on the extraversion and neuroticism 
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factors determined by a large test battery. On the other hand 
people diagnosed as dysthymics, and normals wiA high 
ticism but low extraversion scores, did better in the middle 
sequence. If an unselected normal group was considered, not 
excluding those with low neuroticism scores, significant 
tions were found between extraversion and relatively low middle- 
sequence performance. In this case the correlations were, o^\ 

ever, fairly small. . , . -j i 

While considering distraction, it should be noted that individual 
differences in the effect of noise on work ^e ^ 

authors as being large. It is pointed out by Eysenc ( ) 

various German researches have shown that people o f » 
body build are slowed more in reaction time by distracting 
noises than people of tall, thin build are. ^ J 

body-build has been associated by Eysenck ( ) '' 

extraversion-intraversion dimension. It has also een s y 

Sheldon and Stevens (1942) that this type 
extraversion as assessed by rating scales; althoug _ . r 

of course subject to the weakness that the ^ 

any individud personality will doubtless be coloured by ^^^e 
beliefs current in our culture about a connexi German 

pulence and sociability. It should be note a „ . . 

researchers were using body-build because of 
association of body-build with the division o p y 
schizophrenic and manic-depressive vane les. 

(1952) showed that tests ^iscrimmating thHaUer 
which discriminate the two types of ^ choice serial 

and Tizard (195Ga) showed that denies L 

reaction situation was charactensUc ^ direction 

to depressives, a difference which woul aversion and work 

if we identify short, fat body-build ext 
decrement. Vre is hem S - an Mi^^^ 

as that discussed earlier, in the rclati ^ .^version. The exact 

of neuroticism and anxiety as an index o m ^ „ and that 

relation of the intraversion-extravers.on disunctio 

between the different types of psyc ° jj further com- 
U may be added at this pomt tba ^P^^^ 

plicated by the variable of age. F but were more 

took longer before starting the P 
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accurate. Such a relation with age is not uncommon (Weiford 
1951). It is, of course, a shift in the intraverted direction: but 
body-build changes towards corpulence with increasing age. 
However, most of the studies in this chapter seem to have realized 
these complications, and held age constant. It still remains to be 
lully investigated in its effect on personality. 

Other correlations with the effect of noise were reported by 
Broadbent (1954a). The twenty lights test showed a larger 
e ec 0 noise on people who had a large practice effect between 
the tvvo runs in quiet. As was mentioned previously, these are 
also the people who show large decrements during each run. 
th ^ if ^ tester index was correlated with total score 

throughout the 4 days of the experiment, it was found that the 

n„lsrL'?l! 'Ao started with 

Quiet ttogative for those who started in 

orthe in • cyclostyled first report 

index as‘1 m? ' That is, if one accepts the 

"«taversion, the extroverts do relatively 
worse throughout an experiment if they start in noise.- 

arithmede finding, the data from the mental 

Evhro hetiE 7 were examined, 

under ouiet eoniiv * performed both under noise and 

The nrodiirt m * had also taken the Heron questionnaire, 
pahm^en, ^nn ' -'^nverlion and im- 

S™strL "’“V''"' ^‘8"«“nt by a one-tail test. The 
trac&n "n® y™’" Moulds except that the dis- 

additional task 11*^7 ™ ‘nlense stimulus rather than an 
the tw^iy hghts t St CV™"™ 

this case morf simll e * "leasure of extraversion is in 
A h t exocriZ E ‘'5' researches, 

is tharof Dee 7""® reaction to stress 

195Srwho fouL that^r'"''^ (Deese, Lazarus and Keenan 
anxiety and rate of 1 • relation between manifest 

P , the anxious individuals learned 

formed to determinf efficienc^n'w^^ firet per- 

We mentioned this point in Chanter S .7 ■ J* J different conditions. 
Brown and Gabb (Sl as sup^Sne h »f Weiford, 
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faster. Here again therefore, it was reaction to stress which 
differentiated the two groups ; and there seems a broad agreement 
throughout all the results, we have considered that the extrav^ 
responds to stress less well. The caution must immediately e 
added that the stresses are all of the distraction type, or e se 
punishment : it by no means follows that abnormal temperatures, 
lack of sleep, or other poor working conditions will af^ct the 
extraverts primarily. The point is theoretically important because 
Eysenck (1955b) has argued that all types of irihibition may be t^he 
same, and more prevalent in extraverts. This would mean that 
distraction could be classed as external inhibition, and the results 
we have considered would not then tell against t e | 
theory. Unless distraction is regarded as due to an m i i ion 
like that responsible for extinction the fact that extrave s ar 
differentiated by reaction to stress would be a point again 

inhibition theory. . 

Physiological affiliations. — Before summing up, so 
different evidence should be stated. These are he po^jble 
connexions between extraversion and p ys> . ^ ^ 

First, brain injury ‘“peUie7lV52) has indeed 

measured by Eysenck’s nrethods. And Klem and K ech ^ 
have also shown that the tactile figural ‘ "“S ‘f er- 

the brain-injured, using exactly the same procedure as to ate 
wards employed by Eysenck to distin^is ) , ,, needs 

thymics. This relation to brain injury “ndoubto, nc^d^ 
further qualification, as its proponents are in 
hardly apply to all brain injuries, but j, j jne to 

of certain types. Equally there is no evidence that 
inhibition in any physiological sense. P instance. 

Chemical effects are also of some ntcr^n 

Franks and Laverty e'Tiid conditioned response, 

accelerate the rate of extinction of an > oricinal con- 

and there was also some ‘'■“ ‘n tubthed. Scores 

ditioning although tins ^inn were increased by the 

on a questionnaire measure of extra means that sodium 

drug. In terms °f. 
amyial produces cortical inhibition, a 
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1955a) that hysterics need less sodium amytal, when it is given for 
sedative purposes, than normals or dysthymics do. One may 
well, however, suspend judgement about cortical inhibition while 
accepting these results as a further demonstration of a connexion 
between questionnaire score and extinction. Changes of per- 
iormance in the same individuals are a valuable supplement to 
correlations in different individuals. 

A rather different line of evidence is provided by recent in- 
yestigations of cholinesterase level in animals. It is known that 
the liberation of acetyl choline plays an important part in nervous 
lunction, and the concentration of cholinesterase (which catalyses 
conversion of this compound into others) in the brain is therefore 
^ connected with the degree to which nervous activity 
evir^ persists. The details of the connexion are, however, 
effprwff ^ recent investigators have studied the 

urasl li!, “ ^“'’Stance which reduces cholines- 

R W Riis" n ^'* 1 ?" earlier unpublished work by 

of exdnl, V “<■ '•ic* reduces the rate 

intraTeSn h raponses: and he relates it to 

sometimes ■ ^ administration of cholinesterase does 

Tf mveZr • ^'hiaophrenies. The latter group 

have ^en in'raverted, though L we 

research anH^7 ''C* decrement in Venables’ 

(or for that 1 it ”°i highly on Eysenck’s intraversion scale 
choline tmatm Moreover, the therapeutic effects of 

by so™ ;SVor 

ing"^ ditoencef Vn “‘'‘cally appear- 
soL sfecXatlT" ‘ban administLfon of 

Bennett and Krueckel (1^4^ '^fd ° ’^“cnzweig, 
as the methods of research bear n attention 

extinction in the next ch.mer^ of experimental 

his interest in the svstemafip h, '“".S been noted for 

in mazes If incorrect choices made by rats 

seve”“Sderem%TgZ o- -“'hi in 

reaett=in^r^re^--„sys.e^^ 
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into all the lighted alleys, even though this is not the correct 
choice and results in about 50 per cent of blind alleys. After a 
time this reaction to the light cue disappears and is replaced by 
reaction, say, to the right-hand alleys. Eventually the correct 
feature of the alleys is selected and the rat runs without errors. 
The preliminary systematic reactions are called by Krech ypo 
theses ’ and their occurrence is generally agreed by investigators. 
There is a point of controversy in connexion with them, name y, 
whether any learning of the correct response occurs 
response on the basis of the incorrect hypothesis . rec evs y 
(1988) has argued that it does not, that until the correct hypothesis 
is adopted the fact that only certain responses have een rewar e 
is irrelevant: this is supported by a demonstration t a ^ 
originally correct pair of stimuli are reversed m ro e, e or 
■blind- stimulu/now becoming Ae ‘ f 

vice versa, there is no effect on learning provi e .^iDoted 

occurs during the period before the correct hypo esi 
In ordinary terms', the suggestion ‘ f “ iUs 

notice that only alleys with posts have been m , 
reacting on the assumption that dark alleys 
view is strenuously denied by other theorists w . jj 

correct response builds up in strength ^sponse to 

on the basis of some other cue. and pp i-„-i 

this other cue has been extinguished to a we er jnoment, 

This theoretical issue need not^oncem^us 
dthough we shall return “ ^ ^erred hypotheses of rats, 

Krech and his associates studied P ^^nlinesterase level in 
and then killed them and examined ® y g right/left 
their brains. The maze used "1 to^rted *at fniiiials 
as features of alleys, and the ^ cholinesterase 

reacting on the basis of position had think that these 

levels in the sensory areas. jjjfn the sensory side, 

animals were oriented rather to the m wgnnett 1956) show’s 
But a later paper (Krech, Rosenziveig “"f Uiat 

rather that all animals initially react on position 

some abandon this hypothesis sooner in levels. This 

one. These animals have ^V^^-.^d^that a high cholinesterase 
finding fits well with that already cit , „ Krech and 

level increases the rate of extinction. Rosenz^ i,. 
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1955a) that hysterics need less sodium amytal, when it is given for 
sedative purposes, than normals or dysthymics do. One may 
well, however, suspend judgement about cortical inhibition while 
accepting these results as a further demonstration of a connexion 
between questionnaire score and extinction. Changes of per- 
formance in the same individuals are a valuable supplement to 
correlations in different individuals. 

A rather different line of evidence is provided by recent in- 
vestigations of cholinesterase level in animals. It is known that 
e 1 eration o acetyl choline plays an important part in nervous 
tunction, and the concentration of cholinesterase (which catalyses 
conversion of this compound into others) in the brain is therefore 
likely to be connected with the degree to which nervous activity 
pcrsists. The details of the connexion are, however, 
efferr recent investigators have studied the 

terase ^ 6j''^6tance which reduces cholines- 

R W R earlier unpublished work by 

of 'p diet reduces the rate 

intr^erstn K ""dmoped r^ponses; and he relates it to 
sometimea ' ^ that administration of cholinesterase does 

vcho i “r""' of «>'!“Pl'tenics. The latter group 

Le Le? ,V 0^ inttaverted, though! we 

research anJ’7 work decrement in Venables' 

(or for that latt highly on Eysenck’s intraversion scale 

choline treatm T’ ^®*'eover, the therapeutic effects of 

ing^ d1toe7c!\°i level used the naturally appear- 

To^e specS t 7 adminisuation of 

Bennett and Krueck!(196« 

as the methods of resea^E K ^ deserves fairly close attention 

extinction in the next chroto ” 

his interest in the sTstemaric L. c 

in mazes. If alleys are msA 'Voices made by rats 

several diflcrent wL e c bv 

having posts in them as opposed m be 'n! *!? ZT"' ’ 

over the entrance as oppoLd to soLr! ! ; ”n f 

react on the basis of'’o‘’ne of thrSn^i^.^^^T/rsa;! 
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A General^ View of the Problem 

It is difficult to consider the experiments we have been discussing 
without feeling that some important truth lies behind them. 
There are too many points of agreement bet\veen experimenters 
of quite different interests and assumptions for the whole body 
of data to be dismissed as trivial; caused perhaps by a concealed 
chance correlation in a particular sample of subjects. It seems 
certain that the individuals who do worse after prolonged wor ■ on 
some (not perhaps all) tasks have an undue chance of displaying 
features which are also characteristic of hysterics as oppose to 
dysthymics. But it cannot be said that any adequate account ot 
this relationship exists. The main candidate is LyscncKs 
description of the hysteric as having a greater tendency to accumu 
late reactive inhibition. This formulation some truth m it, 
but must be hedged around with a number of qua i a ’ 
is also difficult to relate it to some of the by^cric s ^ . 

teristics such as his faster commencement of the o 
Foulds’ experiments. , . ^ 

The difficulties of the reactive inhib.t.on v.etv 
into two classes. First, there are 

hysteric as showing a decrease in the probability , ^ - ^ 

which has occurred It has already been '’f * 

does not seem to correlate with decrement in evtra- 

and is admittedly a measure of arTnoTtlue 

version. On the other hand, decrements in wgi ..^1 these 

to too much responding but. if anything, ° . although 

decrements do correlate with measures of ex jerrements on 
in some cases, such as that of the m 

work Involving overt ffi the last chapter that 

extraverts, we have considered perceptual 

decrement on the pursuit rotor is at . 3 perceptual 

rather than motor. The figiiral after-edect 'S <:Iearo I 
edect. We can hardly ‘^0"' P^ffion ; nor 

peripheralist sense if we are to upl d ^ po5ition he has 
would he do so himself. *" '"''T". , , 'eem, lo be dunking 
taken up at one point njejcntalion of a slimului, 

of the cortical events which follow one such event 

and regarding the dcprci^inn of the p • . ccntrali't 

a. reaaivc inhibition of it. The » ■" 
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Bennett found that the high cholinesterase animals could be 
rapidly switched either to light or to position response by selective 
reinforcement of one cue or the other, while the low cholinesterase 
animals could not. The same authors showed that administering 
sodium pentobarbital gave the type of performance characteristic 
of low cholinesterase level (Rosenzweig, Krech and Bennett 1956). 
This forms a link with the sodium amytal experiments mentioned 
previously, the latter drug being a barbiturate as sodium pento- 
barbital IS. The careful reader will note that the relationship is 
in the wrong direction; sodium amytal gave more extinction and 
sodium pentobarbital less. There are various conceivable 
excuses for this: the effect of drugs does reverse with changes in 
dose size, and the discrimination situation of Krech and his 
associates is possibly dependent on tendency to make positive 
responses as well as give up wrong ones. Animals which do well 
m It might not therefore be the ones which extinguish quickly in 

discH^fn^ ^ between simple and 

shnw’ ^ Situations lies behind the finding that persons 

^^®ks despUe their 

Td sXSr'”" ' (Taylor 

and therefore only a tenuous connexion between this work 
‘‘it'enaion. There is still a 
Ire in som.*^ '■'ffttonccs discussed in this chapter 

fte choWr’' "=t«tt.lly occurring differences in 

at- brainf but far more 

data ™u be needed before any very definite conclusion can be 

Bennettrecard°r^'!**'™*'* tnade. Rosenzweig, Krech and 

since thev can ‘ «imuIus-bound = 

of whethL their differaceslc iheT”" 

their nhnsin,, *“<: same as those in extravers bn, 

are somehow inferior to inlvel T 

panbuTat task '*■' inferiority is spe^fic tJ the 
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two processes having different properties. Hinde (1954), in 
writing of response to repeated stimuli in innate behaviour, 
distinguishes four possibilities. With which of these should 
extraversion be paired ? And there is an additional step involved 
in deciding what other processes, such as figural after-effects, are 
to be taken as instances of inhibition. Finally, as has been said 
previously, there seems no connexion at all between inhibition 
and other characteristics of the extravert such as his preference tor 
speed rather than accuracy and his different level of aspiration, n 
summary, Eysenck’s theory of extraversion provides a working ap- 
proach rather than an established theory, for it *^^^Unw 

in sufficient detail to the various phenomena o e aviour o 

us to accept it on the same level as the various Hulhan 

Despite these difficulties, it rnay be arpe t at ^ ‘ , 

view has been supported by positive results m t e e 
it has been applied, and made predictions. y -pojted, 

hypothetico-deductive method, therefore, it is Mientific 

The writer does not uphold this integiretat.on of sc^ 
method, as we shall see in Chapter 32. .■ J -g gnd 

that many other theories might make the same p gjg 

that positL results therefore support ffiem as we k 
this point we may state another working appr 
of extraversion, this time from a rather ^-fferen t pjntjf 
Although this approach is not definite y ’ doing so 

than Eysenck’s is. there are two other 

besides that of showing encourage others 

capable of explaining these effects. ^ fj^d the term 

.0 take an ilrest in .his poin. 

inhibition uncongenial. bcCTn y. 
sometimes made against ^ This latter point is 

cannot be applied to individual psychologists 

probably made because of a naturaconOT^^^^ of human beings 

that the more valuable and y"'<l Cpp scientific under- 
should not be lost to view ‘*“'’'"8 , „.ith such machines 

standing. To many who are acquai d analogies from 

as watches or steam-engines, the the impHca- 

machines should be applied to huma tvhole importance 

tion that personality is to be ignore . . j ^ s\'srems arc 

of the study of information flow in machines > 
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one. The point is an important one, since as vve shall^see in the 
next chapter there is growing evidence that the extinction of 
conditioned responses is not to be explained by a simple peri- 
pheralist view of reactive inhibition. 

To this caution there must be added another, that ‘ inhibition ’ 
must not be thought of in any physiological sense. While 
historically many have been tempted to suppose that a process of 
cortical inhibition underlies the extinction of conditioned res- 
ponses, or figural after-effects, there is no particular reason for 
thinking that it does. Physiologists do not usually look with 
favour upon spreading areas of excitation and inhibition con- 
ceived after the Pavloyian model; and although they may yet 
change their views it is dangerous to take up a position which 
requires them to do so. Inhibition must therefore be conceived 
operationally as ‘ the process whatever it may be which produces 
extinction . ^ 


^ With these qualifications we have whittled down the inhibition 
view to a sirnple statement that hysterics show more rapid extinc- 
tion. But this raises the second type of difficulty for the theory, 
it prolonged work produces more inhibition in intraverts, why 
are some scores affected differently from others? 'We have 
Iready mentioned that gaps and errors on the five-choice task 
found to correlate with extraversion, that missed 
^ correlation, and that on Wilkinson’s 

wh;r-^ iT^^ j * range of reaction times rather than the mean 
greater change in some individuals, and those the 
1 ^ preliminary trials by the writer at 

rote leirnfnt^ ra^erslon with the effect of massing and spacing on 
few snhiprt^’ “”®“cccssful; although in this case very 

w H be H TT rot- l-^rning 

outnTo V or • gaps ■ rather than to 

orblo ks sh M ‘he incidence 

omnm^re , 1 , “■ '«‘‘"'etsion when decrements in 

measure as'a f eeems no reasonable ground for regarding one 
mo^;^b•^t^ "" ? "■'•«-= ‘he other is not! Further- 

even if it ° ‘’™e covering a number of processes 

evdne K '’'"'''5' '’P'n.tionally. Few theorists of 

extinction ascribe it to a single process; most, like Hull, require 
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this sample of the target motion. One of these systems will be 
better with one kind of target, and the other with another. In 
general, the system which works on a short sample of information 
will be better with a target that changes its behaviour repeatedly , 
while that which works on a long sample of information will be 
better with a target moving in a smooth and predictable fashion. 

The distinction between short and long sampling systems is 
common to a number of situations in which information is 
handled: each strategy has its own advantages. It would be 
surprising indeed if their relative value had not been considere 
in the design of nervous systems, and, since they are many 
purposes closely balanced, one might expect some in ivi ua s to 
lean more towards one stratepr and some rather towar s t e 
other. How would such individuals differ ? , . i j 

In the first place, as our original example showed, t^^y w°^ “ 
differ in speed and accuracy on certain tasks. Not on a . y 
on those to which our translating machine fmnishes a air 
Thus we would not expect any difference in time ta en ° 
mile, but we might well expect a difference m time 
a Porteus maze before commencing the run t roug i , . 

taking in information, and the organism which takes a 
^vill be longer in starting. This kind of difference m speed is, 

as we may recall, characteristic of the difference e " . ^ j 

and extraverts. Other differences which we have ment oned ^ 
this chapter can equally be described as features of short as 

opposed to long sampling systems. estimate of 

Consider level of aspiration as an eimmple. ^acn e 

future performance given by performance, and 

immediately previous knowledge of h P sampling 

partly on .he whole series of pas, pe*™--- J "pTr^rion 

system, one would suggest, g‘ j-form- 

determined largely with reference to the by the last 

ances. A short sampling xnuch from one 

performance. In a task which doe • ^bese values: but 

trial to another there may be little differe ^ strategy wiH 

m a rash which is highly v-M- for 

give quite different values. If sue . , ^.;,„polate this 

example, the long sampling sj-stern^^ 
tcndenc>' and so give consistently nig 6 
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now being produced which do possess individual features while 
obeying common laws. It would indeed be wrong if, as Hearn- 
shaw (1956) supposes, the tradition of Gallon was being ignored. 
But the analogy with machines is not intended to overthrow the 
study of individual differences; rather to extend it and place it 
on a more exact footing. 

Let us consider a translating machine. In principle there are 
a number of ways of building such a machine, all based on the 
underlying conception of a machine which responds with words 
in one language when given words in another. At one extreme 
there is the type of machine which, when given one word, responds 
immediately with another word. At the other extreme there is 
the type which waits until a whole sentence has arrived and then 
responds with a whole sentence. To the latter one can say ‘ Je 

Xret tw ‘ I him 

or^eZl T “y ‘ ^ of ‘he to see ’ or 

Sne -a "i^h*- ‘hen, the latter 
Ss«s whth edvantages._ Yet the former also has 

tend toward existing translating machines 

a thouTle “’0 ‘osponse is Lre rapid. 

nZL ‘'“'o i-Pottence in mosi 

Ivstem Fvl “ ”’"5' o"“=ial in other types of 

air-traffic contrT * ^ oase of translation, a machine in, say, an 
desimbk. nr d Tn ^’f’oed rather than accuracy 

Sa svnmr ? *!u"’™ h could interpret to 

L handlfd h^' I f' ™oahulary of words whkh can 
fi St Wn If f Of Si™ eize is far greater with the 

fromTh'^t ° nTn rrd'*"" T* This can be seen 

Which weighs mLtwilhTrTnsIaUn?^^^^ advantage 

havine an ^J^tfanslating machine designers : a machine 

of words in all the nn ^ reasonable vocabulary 

wouffit umeat^^aUy ">■"'' ‘>>0^ "'ish‘ 

be moreTnfptrtam° ^firffie^ame ""‘’..‘’f ““uracy may 

example systems fnr * t.* antithesis will appear in, for 

may move a gun to poinrio^t^Ti® systems 

Others mav oh«f»r^r/» ♦ • ^ detected position of a target, 

thermme\helT,o"®'' “ '“S'h of ‘im= -d 

more the gun to a position worked out frL the whole of 
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the task is one containing a large random ^cment, 

reasonable on the present point of view. This '-terpretan^ 

raises the point that difTercnccs between intrave s ^ which 

may appear in more ordinary psycho-physica 

should afford a better field for develop.ng a ““ 

does level of aspiration. On our ™ 

the latter with intraversion has nothing o , . ( 

goals, butonlywiththediffcrencebetweenlonBandshort samp g 

rx' sxri. I. -- xr;s: 

mental factors which depress ^ past period would 

any change in the mean jL as the level of 

have less influence on o%ast achievement, 

aspiration will be less influenced ^ „ay be regarded 

Again, the instructions less in the present 

as a remotely past stimulus whicti ^youid mean 

situation if the individual is short sa P evidence of com- 

that the long sampling effects of pro- 

pensating reactions to combat regarded as closely 

longed work (which previous c ap gu^er deviations 

similar). While both kinds ot per ^g^j^st 

from the optimum performance, , jjfferences in the trend of 

this ; and so we would have the indivito^ 

mean performance but not o gap ? Liuujon view. We would 
earlier as a difficulty for the reac i shown by Davis, in 

have the agitated high nerformance on reactions 

some individuals, and ffie htg ® Venables. The differ- 

in a distraction stress situation s ^ matter of average per- 

ences would not, in general, ® ^tjons and compensations, 
formance but of the incidence o extravert and the intravert 

In general, the difference Sg rapidly to changes in the 

is on this view that the he disastrous if the changes 

conditions of his work; harder. But this is only 

are in the direction of making -j-iate response to the new 

provided that he already has an app P 
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the short sampling system. If on the other hand the trials vary 
randomly about a mean (which may or may not steadily increase) 
then the long sampling system will show alternate positive and 
negative goal discrepancies as real performance rises and falls 
above and below the mean (see Fig. 8). 


O ACTUAL PERFORMANCE 
"ASPIRATION LEVELS 



NET RESULT = LOW POSITIVE COAL DISCREPANCY 


] LONG SAMPLING SYSTEM 



NET RESULT »ALT£KNATE POSITIVE AND 

NEGATIVE COAL DISCREPANCIES 

Fig. 3. Levels ot aspiration in a task with a fluctuating level of per- 
lormance; as given by short and long sampling systems. 

L intraverts show higher goal discrepancies on. 

tne Whole has already been mentioned. What was left unclear 
m earlier pages was the reason for using the triple tester index, 
e arithmetical sum of all goal discrepancies for the particular 
subject regardless of sign. A very high triple tester index may be 
achieved by alternate positive and negative discrepancies. This 
tj^e of score, rather than the orthodox goal discrepancy, was 
gma y a opted for the theoretical reasons just given. It is 
often equtvahnt to the more conventional scoret but it should 
be ^ntioned that m none of the cases reported did the conven- 
tional score give a significant relationship, although it was in the 
same direction as that with the triple tester index 

task- tlIT“'^“"“ will depend on the 

r park T “"‘“■ns “ large ranLm element 

n each performance. This may be responsible for the rather 
disappointingly low correlations between goal discrepancies on 
different tasks. It has recently been claimed (Sutcliff 1956) that 
levels of aspiration are only consbtcnt individual features when 
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immediate past, and without considering the remotely past leve 
of stimulation. Thus one might conceivably find larger figural 
after-effects in the extraverted: but any 
procedure, such as altering the number an ^e p 
judgements, may remove or even reverse t e e e . 
this reason that the writer’s failure to duphca e Eysenck s 
with a modified procedure was mentioned earlier. 

On clinical symptoms, the less said the » 

theory can be plausibly made to dracribe w the view 

neurotic behaviour away from the laboratory. > 

that some neurotic personalities ^re mconsistent from day to day 

persist without anxiety in e“ nlV 

diagnosed hysteric or psychopath , • comoensatory 

DyLymics, on the other hand, reZen theh 

behaviour a;d are acutely disturbed by the ontrast bePveen^ h 

present situation and „„ „,eans to be regarded as 

The foregoing views are not by interpretations of 

more than tentative; iid' ,,.ithout appealing to 
these individual differences arc p ^b^ completely operational 
reactive inhibition, save perhaps „,inction ’. Indeed it 

sense of ‘ that which is “lunations of the existing 

seems likely that many alternat P ^ dominant 

facts are possible, so g„ nccount of existing data. 

position merely because it prov g^pquate than any others in 
The results in this chapter a individual differences 

this book. None the less, they sure ._^p„^nint, and may be 
in prolonged performance " g f appeared in the past in 
related to those differences which n ^ They have 

the clinical diagnosis to attempt to stimulate 

been included in the book Pc f imperative that much 
interest in the problem; lor c 7 differences in psycho- 

attention should now be paid inhibitor}' interpreta- 

physics. ^Vhether one adheres to l^^nck inh ^ 

tioJi, or whether one »d®P« ‘h® (Helson .918) 

rather emphasizes the role o awaiting the spades of 

there seems to be some bun * must leave it in this 

future investigators. For . ,o ff,c nc.\t chapter only a 

unsatisfactory state, and tarry . reactive inhibition ’. 

certain dissatisfaction with the p 
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situation. It does not follow that he will learn a new response 
more rapidly than the intravert. The translating machine which 
we are using as ari analogy does not learn new responses at all. 

e extraverted translating machine responds rapidly, and 
possibly inaccurately, to each word as it arrives : but the response 
word has been built in when the machine was manufactured. 
It we built a learning machine, provided with a feed-back on the 
e ects o its past responses so that it will produce different ones 
m future if It has failed and keep to the same ones if it has succeeded 
It would have rather different characteristics to the simple machine. 
One might argue that the rate of learning would be faster if it 
gave a good deal of weight to knowledge of past results rather 
^an to the present stimulus. If so. that part of the machine 
..mnii incoming information would resemble the long 

tvnp ° Simple translator rather than the short sampling 

demanHpH^ would not respond quickly to changes which 

equivalent tn th concept of perseveration is not 

typ ofreToV ftom one familiar 

ranidlv rev? t'" those who can 

aweement h? ^ ■“''E-ratabhshed response. Indeed, the lack of 
past caused a iT? h *^®ts of perseveration has in the 

suTcestive re Jt ‘"''“'ig^tors to abandon it, despite the 

au^estive results sometimes obtained from it 

ditionlnuTe '‘’“t P'-'dictions of rate of con- 

to show raoid “usatisfactory. We would expect extraverts 
atimuli; but ratfo" cond? d^inhititing 

depend greatly on tlw ;t'°'“ng ‘s a different matter. It may 
to the particiilnr trials, the initial level of response 

attituL to r„dT,- “ »"• This rather cautious 

evidence we co“ h" ?‘'’ **“= °f *■= 

chaptertoX rch, return in the next 

of present and past st'imuir“i'sTSl‘‘"‘’ 'he relative weighting 

and nf'L" ntr ‘^“^Wfi^Ser-effccts 

'ho fP^ of -urosis. For 

Judgement of the P'esentntim„,:s'^Sf m ^ 
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of Brown (1942) on intensity, rather than sticking to 
We may therefore expect that the same 

we have found in the human case should appear in a" mah^ 
though there may well be differences of detail, and no pa^la 
finding can therefore be applied directly to -inials 'vitou 
confirLtion by specific experiments. Confimation from amma 
.results is of general value for interpretation we h j^t 
upon the human work: if there has some error 
in the account we have given, there may be "o eompa^k results 
on animals. But if our interpretation has 
should he at least some. As we said m an earl 
operations involved in ^‘'^"ieney of human watch- 

very similar to those of f. . nrocras that we may look 

keeping. ^ i® *etefore in the ex other existing 

for analogies. But first we s difficulties they 

explanations for extinction and se 
meet. 

The Adn^acy of Reactive Inhibiihn 

Since the days of Pavlov, i responses after 

disappearance of unreinforce . ... process. An extin- 

repeated elicitation f„,ed wi* a forgotten response, 

guished response is not be extinguished response may 

for two main reasons, firs , presentations of 

reappear if one gives the amma “ recovery ’). Secondly, 

the conditioned stimulus ( spon gj^es a fresh 

the ^'vtiTKniished response may re p ^ „«nf1itinned and 


lie rnditioned%timulus C .rone give: a fresh 

the extinguished response V conditioned and 

stimulus together with that w 

extinguished (‘ disinhibition )• present in the animal, but 

tendency to produce the response IS sti pre^en^^^^^^^^^ 

that nthpr factor is overlaymg • actually 


endency to produce the response IS therefore speak of 

hat some other factor is over “3" ^ argument may actually 
inhibition ’ of the response. ^ ^ widely 

le questioned, and we shall do » ,i.e moment, 

iccepted and may be left m t e j ,l,e fast chapter, this 

In Hull’s formulation. “ every time a response 

Inhibitory potential is jp combination is followed by 

occurs. When a stimulus-r p ^ produces an' excitatorj' 

food or some other ■ reinfora™™ But once rein- 

potential which balances 
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the nature of extinction 

At this point we take a step whose value some may question. 

thronwh^ttl" passed from multiple channel listening, 

nrowf^ ‘he p^blem of listening while doing a visual task, to the 
considerpH ' ^ l“sk in meaningless noise. Then we 

imnosed without any background of experimentally 

All these fun^r f individual differences in these tasks. 
shouU we n ! well be related ; but why 

individual d^r " “"'™' '>'>'t‘''iour ? In the study of 

between inhibit hesitant in accepting a parallel 

cautious about Should we not be equally 
conditioning? ^tdtupolation from human behaviour to 

we'^ c™TdtrT“beht4uTlom' ® 

which made it quim rU *k ^ informational point of view 
nervous systen? would "h functions possible to a large 

We cannorexuecr^h f ""Pn^t^ihle to a smaller one. 

behaviour should hp made about human 

titles of daL we ht?s” '*1 *-= ^nan- 

certain general princip'l™^Inf''“™ “ "‘“‘*‘*5' 

system is filtered and only partTh ™ “'a'"® 

response. The mrt ,„i.- " . '* Passed on to emerge in 

various propertief of the s'? ‘1“™'''® ‘his process depends on 
intense stimuli are more Sv^to "tgenism : 
those on Darticulnr oi, i novel ones, and 

Now the logical part ^ frequency sounds. 

3s to man. If onr n “fgument applies as well to animals 

simultaneouslv all the systems are too small to handle 

theirs. A fi It^rnl 1 us, so even more 

case, and in fact we more necessary in such a 

trying to decide on the ^ ^ I'c^dy cited data from animals when 
priority in passing the fiher^’Se'’^ 

novelty were from rats TV ' ’'““'Ui of Berlync (1950) on 

rats. TT e might equally well have cited those 
17 , 
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Other difficulties of the reactive inhibition view which have not 
been considered by Broadbent (1959) arise from a really detaded 
examination of the behaviour occurring m 
instance, one of Hull’s formulations suggested that the physical 
work done by the animal was positively related to ‘"h.bition, an 
it was indeed true that an animal which had to press a bar agamst 
a large resisting force in order to obtain food would make fewe 
pressings before extinguishing the response. But one ba 
press ’ i a very ambiguous unit. An animal may “ 

by a large force for a short time, or by a weaker one f° ” 
time. It may linger on the bar or give it a <1“=^ P f 
The work of Hurwite (1954) and of Trotter (1956) m 
that extinction is not necessarily quicker 
doing more work. Nor does it do more ^en fresMy 

conditioned than when extinguished: on 'b“™tr ^ n,shLer 
inclined to hold the bar down more when ^ ™ 

to the food-trough for reinforcement, and this is the situation 

■when extinction is •well advanced. _ viuit.Vn view is the 

Less crucial but still inconvenient for the inhibition .s_tn^ 

fact that spontaneously emitted . _„ceeds. The 

Skinner box, do not die away evenly as ex indeed be 

mean curve from a large numbe ^ postulates 

smooth, but the individual ones but this is 

a random oscillatory process to acc unlikely when one 

in any case an ad hoc p" ^"TLrHunvi^ (1957) 
examines the data m detail. . and 

divides up the period of extin«ion jn^kes any 

considers separately *= I"*'™ ’ . Ti,e latter become 

responses and those in winch when the former are 

more frequent as extinction P^^'tumrer'of i" 

examined it is found that the Hnrtion period. In fact, if 

remains the same throughout t c ex initial rate, 

the rat is responding it is doi g u.ith intervals of 

This activity merely becomes m 

doing nothing at all as time goes on. results on con- 

Such a finding - highly r—en.^offfie ^ 

tinuous human perfomanc . remains constant. In the 

but the rate of work betivccn _ j rhilc in the animal it 
human case the overall mean is unaffected. 
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forcement stops, inhibition is unopposed, and the response 
gradually becomes less likely each time it occurs. The inhibitory 
potential is supposed to dissipate with time, while the excitatory 
potential does not (or at least dissipates more slowly) so that the 
response will recover after an interval. Disinhibition is explained 
by afferent stimulus interaction, whose unsatisfactory character 
was discussed in the first chapter. 

How far is this explanation satisfactory ? It has recently run 
into a number of difficulties, some of which have been considered 
elsewhere and will therefore be mentioned only briefly here 
(Broadbent 1959). They are of the same kind as the results 
which we mentioned in the chapter on vigilance as casting doubt 
on the motor origin of decrements in human work. Just as, in 
the human case, experiments have been done in which decrements 
are produced by purely perceptual work; so also in the animal 
case, extinction has been produced purely by stimulation without 
any response occurring. This may be done either by giving 
very faint stimuli which produce no response (Kimble and 
Kendall 1963), or else by removing part of the environment which 
for response : for example, the lever in a Skinner box 
which the rat has been taught to press by following each response 
(Hunvita 1955). As in the human case 
^is type of result implies that the process is more a central than a 
will finding that in maze-running, animals 

wil go ,o different places on successive trials even though this 

"T' ’’“Ponre. Gianzer (1953) has 

anf IT'*''* ^'ponred stimuli become satiated 

itThl! r '<f«t, and this certainly seems more 

sour e of , 4onse is the 

DeXf ? ri- ' “’"’g'fi'O'- ^satisfactory, as Walker, 

nreren nlin f"' ft have shown thai 

LSrdoes O 1 ‘‘ ‘'a nontext in the 

Srnext trW " H “ 8° "> => fififnrent goal on 

the next trial. However, these authors agree that the motor 

Se"nL'T"‘"’’’T"‘.;- alternately to 

lonrasT r''" ?*'‘l”“"'''P“'-"8'fi«ameres^ 

long a the goals are met in the maze. The experiments of Walker 

thetm “Sainst reactive inhibition, even though 

they ma> necessitate some modification of Glanzer’s formulation. 
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Other difficulties of the reactive inhibition view which have not 
been considered by Broadbent (1959) arise from a really detailed 
examination of the behaviour occurring in extinction. For 
instance, one of Hull’s formulations suggested that the physical 
work done by the animal was positively related to inhibition, and 
it was indeed true that an animal which had to press a bar against 
a large resisting force in order to obtain food would make fewer 
pressings before extinguishing the response. But one bar- 
press ’ is a very ambiguous unit. An animal may operate the bar 
by a large force for a short time, or by a weaker one for a longer 
time. It may linger on the bar or give it a quick sharp depression 
The work of Hurwitz (1954) and of Trotter (1956) makes it c ear 
that extinction is not necessarily quicker when the animal is 
doing more work. Nor does it do more work when freshly 
conditioned than when extinguished : on the contrary it may e 
inclined to hold the bar down more when not about to rush oyer 
to the food-trough for reinforcement, and this is the situation 

when extinction is well advanced. 

Less crucial but still inconvenient for the inhibition view is 


fact that spontaneously emitted responses, 


such as those in 


Skinner box, do not die away evenly as 


extinction proceeds. The 

mean curve from a large number of animals ^ 

smooth, but the individual ones are very uneven H“ll postulates 
a random oscillatory process to aceount for such fac s, 
in any case an ad hoc postulate and seems . n957) 

examines the data in detail. ,f ani 

divides up the period of extinction into 2 mm i 
considers separately the intervals m w ic become 

responses and those in which he makes non . 
more frequent as extinction "fTespcnses in each 

examined it is found that the mean - ^ jn fact, if 

remains the same throughout ^e extinc P ;„i,iai „te. 
*e rat is responding it is ,arepcrfed^nith intervals of 

This activity merely becomes more mt p 

doing nothing at all as time goes oii. results on con- 

Such a finding is highly —“f become more frequent, 
tinuous human performance. remains constant. In the 

but the rate of work between th ,bc animal it 

human case the overall mean is una 
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forcement stops, inhibition is unopposed, and the response 
gradually becomes less likely each time it occurs. The inhibitory 
potential is supposed to dissipate with time, while the excitatory 
potential does not (or at least dissipates more slowly) so that the 
response will recover after an interval. Disinhibition is explained 
by afferent stimulus interaction, whose unsatisfactory character 
was discussed in the first chapter. 

How far is this explanation satisfactory ? It has recently run 
into a number of difficulties, some of which have been considered 
elsewhere and will therefore be mentioned only briefly here 
(Broadbent 1959). They are of the same kind as the results 
which we mentioned in the chapter on vigilance as casting doubt 
on the motor origin of decrements in human work. Just as, in 
the human case, experiments have been done in which decrements 
are produced by purely perceptual work; so also in the animal 
case, extinction has been produced purely by stimulation without 
any response occurring. This may be done either by giving 
Tr ^.4 produce no response (Kimble and 

Kendall 1958), or else by removing part of the environment which 
for response: for example, the lever in a Skinner box 
which the rat has been taught to press by following each response 
by food reinforcement (Hurtvitz 1955). As in the human case 
^is type of result implies that the process is more a central than a 
motor one. So does the finding that in maze-running, animals 
I go to different places on successive trials even though this 
*'^Ponse. Glanzer (1953) has 
ggested that this implies that repeated stimuli become satiated 
effect, and this certainly seems more 

"O* “'together satisfactory, as Walker, 
pr^en a,;™ and Karoly (1955) have shown that 

“ I™ “"'“y ftoto “a context in the 

the next tendency to go to a different goal on 

dWetenLn responds alternately to 

lone as th^ ^ ® “tt n en this means repeating the same response, as 
long as the goals are met tn the maze. The experiments of Walker 
and his associates tell against reactive inhibition, even though 
they may necessitate some modification of Glanzer’s formulation. 
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nerable to certain logical objections: for instance, if stimulus X 
produces response and this is supposed to be inhibited by the 
attachment of an incompatible response B to A', how does B 
appear in the first place ? If ^ has been firmly acquired before 
extinction begins, X always produces A ; and since A is incom- 
patible with B this means that B can never occur to be rein- 
forced until A has been prevented from occurring. This preven- 
tion must be' due to some outside factor, itself requiring 
explanation. 

In addition, the conditions which favour extinction are not 
those which favour the learning of new responses. That is, if 
We give a drug such as caffeine we get more rapid conditioning. 
But we get slower extinction, so that it is hard to explain extinction 
in this case as the conditioning of incompatible responses. A 
particularly important case is that of the time interval between 
trials: a rapid series of trials without intervening rests is bad for 
conditioning but favours extinction. This means, in essence, 
that the interfering response theory does not explain spontaneous 
recovery from extinction. For these reasons the general prefer- 
ence has been to reject the theory of extinction by competing 


response. 

A rather different form of explanation in terms of relearning 
has recently been put forward by Uttley (1955). His contention 
is that each different possible sensory event produces a different 
event within the nervous system; thus far, this is similar to the 
informational approach we have been adopting throughout this 
hook, though Uttley is concerned with rather different pro e 
from those which have led us to concentrate 
incoming information. He then suggests that the brain 
the conditional probability of any event given any o , 
this probabiUty exceeds some critical value, the 
conditional event will cause the other to be >nf««ti- 

tom the system after event wUl then be A if X has often ton 

Ollowedby F, but B if X has not been followej 

fbis could be arranged by making som p conditional 

0 different state for^each of the possible -in- 

ptobability; the output is made to dopond 

toached. Uttley has in fact built vanous machines wh 

‘tate the principle, and there is certainly nothing my 
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declines, and an inhibitory point of view may therefore seem 
more plausible in the case of the animal. But it requires a very 
specific type of postulated random oscillation, superimposed on 
increasing inhibitory potential, to, produce Hurwit2’s results. 
The variance of the oscillations must be increasing as mean per- 
formance decreases. It seems more plausible to say that the 
animal is alternating between two types of behaviour, responding 
and not responding. The probability of a shift from one state 
to the other changes during extinction, but the rate of responding 
in the appropriate state does not change. 

These experimental results shed some doubt on the reactive 
inhibition postulate. Response does not seem to be necessary 
for extinction, and when response occurs it does not seem to 
decline smoothly during extinction as though it was being in- 
hibited. Certain alternative views do exist, and to these we will 
now turn. 


Oth^ views of ex/wc/wn.— Traditionally, the main alternative 
to a theoty that the occurrence of each response builds up inhibi- 
tion, IS tlw hypothesis that other competing responses are estab- 
lished. These other responses are incompatible with the one 
being extinguished, just as lifting the leg is incompatible with 
putting It down. The original response therefore disappears. 
Ihis theory has the advantage of simplicity. It holds out the 
hope that ^tinction can be accounted for without adding any 
for explaining learning. Admlt- 
. X ®re 'viU still be an inhibitory process superimposed on the 
ripnal stimulus-response association, but the inhibition would 
itselt be caused by another stimulus-response association and no 
involved. In addition there is experi- 
Thf other responses do appear in extinction. 

into immobility, but does 
inrnm ^ reinforcement for a response 

the latter is 

it«i fnrtt t instance, if the animal has been trained to raise 

Its foot at a signal, shock being given for failure to respond, 

is pressed Z-n 

Despite these poinj^s in its fevour, the theoty of interfering 
responses ,s not much favoured at the present day. It' is vul- 
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Y will cause the two to liavc the same circct as A' by itself, and the 
disinhibitor will lose its properties with repeated presentation. 

As so far expressed, this thcorj' will not predict spontaneous 
recovery itor forgetting. Tlic system assesses the conditional 
probability of Y given A’ by registering the total number of times 
X has occurred without 1', and comparing it with the total number 
of times A' has been followed by 1'. 1 hese total numbers remain 
the same if we do not present A' for 24 hr, and the response 
therefore be just as extinguished at the end of that time as it 
at the beginning. This docs not, of course, correspond with the 
facts. In any ease a system which gives equal weight to all past 
presentations is impractical, as it would become progressive y 
harder to modify the inferences made by the system. Uttley 
therefore incorporates into his machines the principle that greater 
weight is given to events more recent in time. Thus if a system 
has been receiving X and Y independently for many years, i 
can acquire the inference that Y will follow X by a ct^para ive y 
few paired presentations of the two events. These 
presentations out^vcIgh the whole past histoiy o t e * 

Twenty.four hours later, however, the paired P^^entation 
receive only the same weight as the numerous ’^olated present 
tions before them: and the system therefore reverts to o ^nal 
output. For the best retention, therefore, training must b 
repeated over a considerable time: which . -.jj 

observed facts. Furthermore exactly the same re . 

time will apply to extinction. After 24 J Znewed. 
extinction will have disappeared and will nee o storage 

This device of inserting differential 'V-gMing into the sto a^ 
of conditional probabilities has therefore allowed an 
of spontaneous^recoveiy. It 

chapter, we said that the length of t evstem which 

was sampled was of importance to extinc lo . weight to 

uses primarily the present /mrt fhere- 

the past will extinguish and ”^‘ jjrtions about the be- 
fore be borne in mind when making p chapter, 

haviour of extraverts from g-- 4^, 

Unfortunately it seems clear tha ^ inhibition 

rapidly, and this is quite contrary y ^ y I,;eh view is 
view. There is not sufBdent evidence to deciae 
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indefinite about it. This is important, because as we shall see 
at later stages, the consequences of the theory are somewhat 
similar to those of expectancy theories, which are repugnant to 
many psychologists on account of their mentalist overtones. If 
there is a vagueness in this type of theory, it is in the specification 
of the output, which cannot be assumed to be the same as the 
output to the inferred event. Ways of overcoming this vague- 
ness, devised by Uttley and by Deutsch, will be discussed in 
Chapter 10: for the moment, it is worth noting that in fact a 
conditioned response is not identical with an unconditioned one. 
Rather it may be described anthropomorphically as the response 
which would be appropriate if the animal was expecting the 
unconditioned stimulus to follow the conditioned one. This 
anticipatory character of the response is an old story (Hilgard and 
Marquis 1940, p. 89), but it continues to be ignored by theories 
of the S-R type, 

Uttley has pointed out that when stimuli are considered in 
triplets rather than pairs a number of surprising deductions can 
be made. Thus if X has been regularly paired with Y, the 
system will infer Y given X If some third stimulus Z, which 
IS less frequent than X, now occurs with X for the first time 
since training on the combination of X and Y was begun, the 
system will not infer T from the X -f Z combination. This is com- 
parable to the Pavlovian phenomenon of ‘ external inhibition 
given some unusual stimulus along with the conditioned stimulus, 
tne animal does not produce the conditioned response. Repeated 
presentation of X +Y + Z will, however, cause Y to be inferred 
rom A - 1 - Z and the effect of external inhibition will therefore 
n ear off after a number of repetitions. (There is a question of 
taer ) here, which we will return to 

of f n is repeatedly presented alone the probability 

svsf ^ hecomes low and therefore the output from the 

sjstem will revert to being that originally given to X alone. This 
extinction. But the probability of Y following X-(- Z has 
naturally been unaffected by the presentation of X alone: there- 
fore the introduction of Z with X will cause an inference of T. 
Equally an unusual stimulus will produce ' disinhibition ' of an 
extinguished response. Once again, repetition ot X ^ Z without 
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partially sampled on each successive presentation, any change in 
the situation during the process of extinction is likely to change 
the sample of events away from those which have been recently 
extinguished. This gives an increased probability that the next 
sample will include events which have not been extinguished; 
and so there will be a higher probability of response. This 
* sampling ’ interpretation is in some ways similar to one of 
Estes (1950), and it makes disinhibition less of a difficulty to 
Uttley’s theory than external inhibition was. A number of 
additional postulates are obviously needed, however, before the 
results of any particular treatment of the animal can be predicted. 
This is especially true since it is known (Pavlov 1927, p. 46; 
Konorski 1946, p. 21) that some stimuli are more likely to produce 
external inhibition than others are; that the same type of stimulus 
may he inhibitory when physically intense, and neutral or acmally 
disinhibitory in its effects when physically weak: and that a 
stimulus may be inhibitory during its presentation and disin- 
hibiting after it has ceased. These facts are not necessarily 
incompatible with Uttley’s account, but they require very much 
more detailed explanation than a simple demonstration of the 
consequences of storing conditional probabilities. 

The most serious discrepancy between theory 3"^ 
the effects of time intervals bettveen trials. As has already 
been said, long rests between each presentation help conditioning 
but hinder eiinction. The two processes should be affected 
in the same way according to Uttley’s model. If extra weight 
is given to recent events (to explain spontaneous ^ 

would expect original conditioning to be more rapi 
close together in dme. which is no. so. If on 
equal wfight is given to recent and to rnore remote information, 
the explanation of spontaneous recovery as ° , account 

The conclusion we may draw from this is th« Utd^y ^ 

requires supplementing by other princip es. ^ to cover* 

that it is false within the field it tvas originally ' 

indeed, to a very large extent it is a logii^l ana^.s 
true. Some S-R theorists '^^^/fnhibition, disinhibi- 
cations of their own ,,, ,,ear from UtUey’s 

tion, generalization, and SO on. ^ -ii csimnlv from 

analyL that some of these phenomena will follow simply Irom 
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correct; in any case the present view places great emphasis on 
the actual time intervals between successive trials. On a reactive 
inhibition view of extraversion, too long an interval between trials 
will merely minimize the individual differences due to that factor: 
on a view of extraversion as a short-sampling strategy in handling in- 
coming information, long intervals may actually reverse the effect. 

Let us now return to Uttley’s explanation of extinction. As we 
have seen, it includes external inhibition, disinhibition, and 
spontaneous recovery. Furthermore it does so without postula- 
ting any inhibitory process, so that the argument for the necessity 
of such a process, based on disinhibition and spontaneous recovery, 
must be fallacious. But unfortunately certain details fit Uttley’s 
^planation rather badly. For instance, if external inhibition 
by a^ stimulus X is present on a conditioned stimulus F, it can 
be eliminated by presenting X and Y together with reinforcement, 
as Uttley s theory would predict. But the theory would also 
predict that repeated presentation of X alone without reinforce- 
ment would leave the external inhibition unaffected, or even 
possibly increase it. The conditional probability of food follow- 
noo? ^ remains unaltered by such treatment. Yet Pavlov 
’ ?’• states that repeated application of many 

external inhibitors, without any other stimulus, causes them to 
lose their properties. In fact this agrees with the everyday 
experience that ‘ distracting ’stimuli may interfere with efficiency, 
but lose their attention-getting quality when presented repeatedly 
factor, besides the storage of conditional 
probabilities, must be operative in external inhibition. 

Hulk-?!- ^ discrepancy appears in the explanation of 

itimiillio requires that the disinhibiting 

ditionintr h previously been present during con- 

but which has not been present during the earlier 
xtmct on ^ trials If an unsophisticated view of the word 
timulus IS taken, disinhibiting stimuli are known sometimes 
ir' V i Siven during training. Examples 

S y av ov (1927, pp, 63-6). One can perhaps answer 
nnt ^ ^ saying that the disinhibitory stimuli, although 

not themselv^ previously present, possess some properties in 
common ryith stimuli which were presented earlier. If the 
phjsical stimulus is considered as a group of events, which is 
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partially sampled on each successive presentation, any change in 
the situation during the process of extinction is likely to change 
the sample of events away from those which have been recently 
extinguished. This gives an increased probability that the next 
sample will include events which have not been extinguished; 
and so there will be a higher probability of response. This 
‘ sampling ’ interpretation is in some ways similar to one of 
Estes (1950), and it makes disinhibition less of a difficulty to 
Uttley’s theory than external inhibition was. A number of 
additional postulates are obviously needed, however, before the 
results of any particular treatment of the animal can be predicted. 
This is especially true since it is known (Pavlov 1927, p. 45; 
Konorski 1946, p. 21) that some stimuli are more likely to produce 
external inhibition than others are; that the same type of stimulus 
may be inhibitory when physically intense, and neutral or actually 
disinhibitory in its effects when physically weak: and that a 
stimulus may be inhibitory during its presentation and dism- 
hibiting after it has ceased. These facts are not necessarily 
incompatible with Uttley’s account, but they require very much 
more detailed explanation than a simple demonstration of the 
consequences of storing conditional probabilities. 

The most serious discrepancy between theory and fact is over 
the effects of time intervals between trials. As has already 
been said, long rests between each presentation help conditioning 
but hinder extinction. The Wo processes should be affected 
in the same way according to Uttleys model. If 
is given to recent events (to explain spontaneous .recovery) we 
would expect original conditioning to be more rapid with trials 
close together in time, which is not so. If on ‘^."au'i 
equal weight is given to recent and to nr^ore remote information, 
the explanation of spontaneous rKovery has ^e^n 'o"'- 

The conclusion we may draw from this is Utdj = 
requires supplementing by other principle. not mean 

that it is false within the field it ^vas originally intended to cover. 
S?=fd to a vewLge extent it is a logical analysis and must be 
true Some theorists have remained unaryare of the unph- 
true, borne a --jncioles for external inhibition, disinhtbi- 
cations of their own Vttltfs 

tion, generalization, and so on. x from 

analyL that some of these phenomena w.lltfr ,,r >iply from 
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S— R association without any further postulate. If one has an 
associationist postulate, one should choose other postulates only 
for facts which are not covered by simple association: Uttley 
demonstrates that some of the properties formerly given to 
inhibition are unnecessary. This in turn means that facts 
which have previously been neglected may be brought within the 
province of learning theory. For example, it is asserted (Konorski 
1948, p. 146) that when a stimulus has been firmly established 
as an inhibitory ’ one, a positive response may be rapidly 
ptablished to this stimulus, but disappears the next day. That is, 
if stimulus X has been repeatedly presented without being 
followed by food, extending the training over a very long period 
will bring the animal to a state in which presenting X lowers the 
probability of any response appropriate to food. We then give 
food m conjunction with X for a day, and develop a response 
0 Mhvation to X. On the next day salivation does not appear 
to A, which we may describe as spontaneous recovery in reverse, 
ihis makes reactive inhibition look even less likely. But on 
t ey s view it is very reasonable : more weight is given to 
recent information, and therefore the recently established con- 
ditioning fades With lapse of time just as extinction does. Marked 
fading would of course require a great deal of preliminary presen- 
tation of X without food ; the slight forgetting found in orthodox 
nditioning, when a day’s rest is given, is presumably due to X 
having been independent of food before the experiment began, 
rather than a definite sign of no-food. 

to which Uttley has applied 
t 1 This effect is usually described 

‘'‘’"'^hioning in the following way. If an 
roswl H V 'T so that Lme produce 

DresentiiuT h ^ responses and others produce no response, 

LTon r ‘ will produce an inter- 

act, on of their effects. An inhibitory stimulus preceded by a 

SmXsT and a posidve 

JvT ! "P'we stimulus is even more likely to 

Zn^ Z ‘r “f Pavlov's 

^ « “y point on the cortical 

analyser (or arousal of inhibition) will produce (induce) the 
opposite process at neighbouring points. 
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XJttley drew attention to the fact that, if stimuli A and B are 
applied alternately and food given only after A, the conditional 
probability of ‘ food following ’ is not the only one to become 
high. ‘ Food following A following B ’ is also high, and it might 
be fairly assumed that it may under certain circumstances be 
higher than the probability of food after the isolated event A. 
Equally, ‘ no-food following B following ^ ’ has a high probability. 
With an animal trained by such a process of alternate presentation, 
we may well find that the positive stimulus gives an enhanced 
effect when preceded by a negative one and vice versa. 

Is this explanation of ' induction ’ a valid one ? It depends, of 
course, on the animals showing the effect haying been trained in a 
particular way: just as the explanation of disinhibition does, and 
we expressed some doubts about the latter. But the reporte 
demonstrations of induction do seem to involve training o t e 
type which Uttley would suppose necessary. One of the clearest 
instances is given by Pavlov (1927, p. 197). It was found that 
a differentiation bettveen two stimuli could not be broken down by 
continuing to apply them alternately and reinforcing both of t em. 
It was necessary to cease the application of the previous positive 
stimulus, and to apply the other stimulus repeatedly with rein- 
forcement, if both stimuli were to be changed into positive ones 
This was interpreted as negative induction from the interpolated 
positive stimuli, but it fits Uttley’s explanation perfectly. 

It is likely that a good many of the reported instances of induc- 
tion in the literature can be explained in the same way, and that 
the Pavlovian account of the phenomenon which leaves the 
method of training out of account is too ^or instance, 

all the examples gLn by Pavlov (1927, PP- 16^201) = ” J” ^e 
reducible to Utdey’s scheme. Konorski (194B p i adm ts 
that induction appears largely with differentiated 
means usually in the e.xperiments conducted m the Pavlov an 

tradition that the positive and "'=l?‘'-:'y''7'V""Betwee^ 
alternately. As he say-s (p. 20) after a g 

stimuli is established, they become a pair ^ 

relations. The response to the positive 

is presented between two trials of t e nega g’i(ferentiatcd 

greater than it was before the negative stimulus was differentiate 

from jt. 
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It is by no means certain that all instances of induction are of 
this type, and in particular some facts given by Konorski (1948, 
p. 18) are rather hard to fit into Uttley’s scheme. It appears that 
Podkopayev compared the effects of a positive conditioned 
stimulus applied during and after a training stimulus. Differen- 
tiation in a classical or Pavlovian situation cannot be established 
with simultaneous presentation, so the animal cannot have been 
trained to discriminate the two stimuli when both were present. 
Yet the response to the positive stimulus was greater when the 
negative one was simultaneously present than when one followed 
the other. Possibly this might be explained on the Uttley theory 
by supposing that extinction of the response to the negative 
stimulus had not proceeded far enough, but on the face of it the 
fact presents a difficulty. 

One last instance of the explanation of classical conditioning 
phenomena by the registration of conditional probabilities in the 
nervous system should be mentioned. Pavlov gives an account 
of an experiment using touch stimuli applied at various points 
on a dog s body and with various delays between stimulations 
(Pavlov 1927, p. 208). The results are interpreted in terms 
of irradiation of inhibition followed by induced excitation. This 
means that in the first stage of the experiment the application of 
one non-remforced stimulus reduced the response at all the 
ot er points on the dog’s body. The animal was repeatedly 
«perimented upon, and by the end of the process it was found 
that applying a non-reinforced stimulus actually increased the 
subsequent response to other places. In terms of Uttley’s theory, 
the animal had learned that the conditional probability of another 
stimu us was high follo%ving one non-reinforced stimulus. No 
spa la y sprea ing processes of inhibition and induced excitation 


Besides Uttley s theory, it is possible to produce other variations 
on the theme of counter-learning. Hull himself included con- 
ditioned inhibition as well as reactive inhibition in his system, in 
order to explain the fact that repeated extinction abolishes 
spontaneous recoveiy and so causes permanent e.xtinction: in 
fact, learning that the appropriate response to this stimulus is 
inaction. This really means that Hull’s system included both the 
possible interpretations of extinction. Another variation is that 
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of Razran (1956), who suggests that counter-conditioning forms a 
second stage in extinction; it follows a preliminary weakening of 
the response, due to absence of the proprioceptive stimuli present 
in the situation when reinforcement is given. This two-factor 
theory allows a counter-conditioning view to overcome the 
logical difficulty of the original arousal of the new incompatible 
response. It also allows some treatment of spontaneous recovery, 
which, if the writer has interpreted Razran correctly, is regarded 
in the same way as by Uttley. The effects of drugs are regarded 
as changing the proprioceptive input, so that they afford no 
difficulty. But it is not clear how this theory handles extinction- 
like phenomena which appear while reinforcement is still being 
given. One example of this is the depressing effect on con- 
ditioning of massing trials, which has been mentioned already. 
Another example is the ao-caUed ' extinction with reinforcement 
(Pavlov 1927, Lecture XIV; Konorski 1946, p. 31). Repeated 
elicitation of a response by a conditioned stimulus tends to 
depress the response even though reinforcement is given, provided 
the process is carried on long enough. 

Indeed, this is the typical difficulty of all alternatives to reactive 
inhibition. There are 'fatigue-like' effects in conditioning 
even when reinforcement occurs: these assist eMiniffion, so t 
the latter is not simply a process opposite to conditioning. Neither 
of the contending views seems therefore to be completely satis- 
factory, although both have their advantages. 

The Weakness of the Argument for Inhibition 

In the last section, we showed that Uttley was able to give soine 

accoum of pLaneous recovery and disinhibition w^^^ 

ing to an iLbitory postulate. What, then, was the faUa/T 
hi tmdffional argnmelit that these tvvo effects tequ- »ffib. J 
to explain them ? Translating the problem into one of information 

flow may help disclose the flaw. . , j information 

When an unconditioned stimulus is dehvere^ eveTtually 
about this event travels to" ex^nr'lll 

appears as an output, such as turn g staces of this 

source of stimulation. point the information 

ir7dTren.%"d emerges in a different output, such 
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as salivating. An analogy would be a railway system in which 
trains from London normally arrive at Chester, until the points 
are switched over at Crewe. After that operation the trains 
from London arrive at Liverpool (see Fig. 4). The application 
of the stimulus for an extinguished response corresponds to the 
departure of a train which would normally reach Liverpool, 
but which does not appear at that destination. Spontaneous 
recovery would be the despatch of a pursuing train from London 
after a day’s delay; the emergence of this train at Liverpool 
would reveal that the points were still in their post-conditioning 
position. To presen'e the flavour of the analogy, we might 
compare disinhibition to the despatch of a pursuing train im- 
mediately after the first one fails to appear, with an accompanying 
armed guard to foil any criminal attempts. 


SENSe -ORGAN 

Fig. 4. A railway system analogous to the flow of information through 
the nervous system in conditioning. The locus of ‘inhibition’ 
may be before that of S— R assoaation: it is usually assumed that 
it is after it, for no good reason. 

These pursuing trains prove only that the position of the 
points has not been completely reversed to the original state: 
they certainly do not prove, for instance, that the missing train 


CORRESPONDING 
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disappeared between Crewe and Liverpool. The analogy there- 
fore reveals that disinhibition and spontaneous recovery prove 
at most that the change at the junction between the wo lines of 
information flow has not been completely reversed. Uttleys 
case is that even this is not completely proved: the change may 
have been reversed for some trains and not for others. As we 
have seen, Uttley’s criticism is not able to deal with all the 
features of extinction, although it tvill handle many of them. 
But there is another fallacy in the argument for inhibition: in 
terms of the analogy, the train may disappear befwe te^hmg 
Crewe rather than bettveen Crewe and Liverpool. The state of 
affairs at Crewe is then quite irrelevant. The normal 
a response tending to occur but being inhibued gives the im- 
pression that the information travels from the senses tl\to'ig 
die nervous system to a point beyond that at whjch its old path 
diverges from its new one, and only then reaches a Mook J 
interference which prevents the response from occurring. 
c“rre is nothing in disinhibition or 
to warrant such an argument. The the 

extinguished conditioned stimulus may never travel far from the 

“taportant here to distinguish ,f“Xn 

arguments. Some people speak of ‘ They 
they wish to refer to events within the nerv f occurring 
may wish to say that in extinction 

immediately after the sense-organs “ling from 

responses are elicited by Ae of Inhibition ’ 

own mind that there is no ^^^j^tions are modified, 

has occurred at the place wher , ... mathematics 

This is true in much die same Zbi. numerals : 

can be carried out with ron™ example, we have already 

the inconvenience is ^ showing that there is no 

cited in Chapter 6 the work o nroduce a decrement 

need for work to involve an overt rKp^ P situation 

on the pursuit T use Hullian terms to 

show decrements. Adams A experiment as showing 

describe his results; one can sp 
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as salivating. An analogy would be a railway system in which 
trains from London normally arrive at Chester, until the points 
are switched over at Crewe. After that operation the trains 
from London arrive at Liverpool (see Fig. 4). The application 
of the stimulus for an extinguished response corresponds to the 
departure of a train which would normally reach Liverpool, 
but which docs not appear at that destination. Spontaneous 
recovery would be the despatch of a pursuing train from London 
after a day’s delay; the emergence of this train at Liverpool 
would reveal that the points were still in their post-conditioning 
position. To preserve the flavour of the analogy, we might 
compare disinhibition to the despatch of a pursuing train im- 
mediately after the first one fails to appear, with an accompanying 
armed guard to foil any criminal attempts. 



Fig. 4. A railway system analogous to the flow of information through 
the nervous system in conditioning. The locus of ‘ inhibition ' 
may be before that of S-R association ^ it is usually assumed that 
it is after it, for no good reason. 


These pursuing trains prove only that the position of the 
points has not been completely reversed to the original state: 
they certainly do not prove, for instance, that the missing train 
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hand, we shall confine ourselves to phenomena which can be 
examined without raising the question of ‘ reinforcement theory 
of theHulliantype. That question willbe raised in Chapter 10, but 
it should not be confused with the present one. What is said here 
about extinction may perhaps be acceptable to those who believe 
in reinforcement theory, whereas parts of Chapter 10 may not. 

What would be the consequences, in a conditioning situation, 
of the filter operating on the principles we have developed in 
earlier chapters ? It would mean that all the stimuli falling on 
the animal’s sense-organs could be regarded as competing to 
pass farther into the nervous system, and so eventually produce 
response. In this competition some stimuli would be more 
likely to succeed than others, depending on the class of stimuli 
to which they belong. For instance, more physically intense 
stimuli would be more likely to succeed, according to the result 
we mentioned in the chapter on noise; loud sounds interfered 
more with tasks to which they were irrelevant, and also produced 
greater efficiency in tasks to which they were relevant. Second^, 
more novel stimuli would be more likely to succeed. Novelty, 
in this case, would mean that the stimuli came from a source 
which had not recently passed information 
although it might well have presented information 
rejected by the filter. The rei^on for describing ^ 

way is that in the noise experiments both tas an , . , 
present throughout the work period, and t , | 

interpret as shifts of the filter towards the noise, oc™ ed o^> 
after some time. In an unchanging stimulus ^ 

filter does not continue to select the same source 
indefinitely. Similar conclusions follow from the vigilance 
experiments mentioned in earlier chapters, though "'<h 
rigour, since in the competing sens« 

sensations or other signals which were no pr fresh 

throughout the task. It may be added that 
stimulus is more likely to be novel than 

present for some time even on this definition ; '"“f “ 

Lve both been present the one which has not passed the filter, 

. and produced response, is the more no^ e . , 

; Thirdly, the filter of any particular a"'™' ^'„,rbeinB 

' favour of certain sources of informauon, some biasses being 
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that reactive inhibition of the visual response is important, as 
well as that of the motor response. This is perfectly legitimate, 
but it is perhaps revealing that in a later paper Adams (1950) 
refers to a decline in the ability to detect signals as due to 
inhibition of the visual ejjcctan-. that is, to attribute the loss of 
information in transmission to a failure in the eye-muscles or 
some other part of the local loop controlling the adjustment of 
the senses. This may in fact be true, but it seems likely that 
Adams has been led into asserting it merely by the inconvenience 
of his language; there is no evidence for it. It seems desirable 
to avoid using language which carries such overtones. 

However, too much weight should not be put on a minor phrase, 
and the choice of language is a matter of convenience, whereas 
the assertion of experimental results is not. In consequence, it 
should be made clear that the writer is not objecting to the word 
‘ inhibition ’ regardless of the way in which it is used, but only 
to the unwarranted implication that the process (whatever it is) 
occurs at a late stage in the nervous system. Many of those who 
use the word are no doubt aware of this danger. For the writer, it 
IS too great a risk to be avoided while using the traditional word. 

e may then agree that extinction may be associated with 
reception of the stimulus rather than with performance of the 
response; and this, it will be remembered, fits well into the 
tramnyork of the experiments which shed doubt on reactive 
inhibition. Repeated presentation of faint stimuli causes ex- 
tinctiom even when no response has occurred; and an animal 
which has approached a black goal-box on one trial will approach 
a white box on *e next even if this means turning the same 
way as before. It is now time to turn back to the concept of 
filter ng sensory information which we have developed in preLus 
chapters, and to see how well it wiU handle such results. 

Filter Theory in Extinction of Clarrical Conditioned Sespomes 

™ shall be too sweeping in certain 
re peas and too cautious in others. That is, we shaU apply 
filter heory in such a way as to account for as much as possible 
m CTinction. This is far too sweeping, and later in a more 
cautious mood we shall have to admit that some features of 
extmction are better handled by other theories. On the other 



THE NATURE OF EXTINCTION 191 

hand, we shall confine ourselves to phenomena which can be 
examined without raising the question of * reinforcement theory ’ 
of the Hullian type. That question will be raised in Chapter 10, but 
it should not be confused with the present one. What is said here 
about extinction may perhaps be acceptable to those who believe 
in reinforcement theory, whereas parts of Chapter 10 may not. 

What would be the consequences, in a conditioning situation, 
of the filter operating on the principles we have developed in 
earlier chapters ? It would mean that all the stimuli falling on 
the animal's sense-organs could be regarded as competing to 
pass farther into the nervous system, and so eventually produce 
response. In this competition some stimuli would be more 
likely to succeed than others, depending on the class of stimuli 
to which they belong. For instance, more physically intense 
stimuli would be more likely to succeed, according to the results 
■we mentioned in the chapter on noise; loud sounds interfered 
more with tasks to which they were irrelevant, and also produced 
greater efficiency in tasks to which they were relevant. Secondly, 
more novel stimuli would be more likely to succeed. Novelty, 
in this case, would mean that the stimuli came from a source 
which had not recently passed information through the filter; 
although it might well have presented information which had been 
rejected by the filter. The reason for describing novelty in this 
way is that in the noise experiments both task and noise were 
present throughout the work period, and the errors, which we 
interpret as shifts of the filter towards the noise, occurred only 
after some time. In an unchanging stimulus situation, the 
filter does not continue to select the same source of information 
indefinitely. Similar conclusions follow from the vigilance 
experiments mentioned in earlier chapters, though with less 
rigour, since in the competing stimuli there may be bodily 
sensations or other signals which were not present to the senses 
throughout the task. It may be added that an entirely fresh 
stimulus is more likely to be novel than one which has been 
present for some time even on this definition; but if two stimuli 
have both been present the one which has not passed the filter, 
and produced response, is the more novel. 

Thirdly, the filter of any particular animal will be biassed in 
favour of certain sources of information, some biasses being 
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fairly permanent and others shifting with the state of the animal. 
The differences between high and low pitched noise are an 
example of the former: we have not considered temporary shifts 
in the human case, except in the sense that instructions modify 
multiple channel listening. This category is intended to cover 
the fact that a man may notice food when he is hungry, but not 
when he has just eaten. 

In view of this competition between various stimuli, it will 
obviously be highly difficult to produce any conditioned response 
unless all the other stimuli which might interfere with the con- 
ditioned one are reduced in priority. This will mean excluding 
all possible sources of changing stimulation such as the experi- 
inenter, or the sounds coming in from the street, and leaving 
the animal in the artificially static surroundings thus created 
untd all their features have been passed through the filter. 
Once such a stage has been reached, a new stimulus will have 
a reasonably high priority for passing the filter and so may be 
used for conditioning. These precautions are well-known to 
exponents of classical conditioning; as Pavlov (1927, p. 29) 
put It ‘ the slightest alteration in the environment . . . immedi- 
ately evokes the reflex which I referred to in the first lecture as 

the mvesngatory reflex However, if these neutral stimuli 

Keep recurring, they spontaneously and rapidly weaken in their 
effect upon the hemispheres, thus bringing about bit by bit the 
remmal of this obstacle to the establishment of a conditioned 

It may be noted that Pavlov reported difficulty in conditioning 
stimuli which were very faint or 
accompanied by strange irrelevant stimuli; but also with 

conditioned stimuli. In 

unconffitLn'er’ *' -lid make the 

senired response, in our terms, the conditioned stimulus 

*‘>1 ‘he closely 
W=“‘ance of food was 
rgected by the filten For conditioning to occur both conditioned 

Ihe ker <^8) stimuli must be admitted by 

Given that CS and US are of priorities which are roughly 
equal and greater than those of any competing stimuli, conditio- 
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ing may occur. But repeated presentation of CS, even when it 
is followed by US, will gradually reduce its priority and make it 
less likely to pass the filter. * Extinction with reinforcement ’ 
will therefore occur. A rest away from the task will ensure that 
other types of information will pass through the filter and so 
restore the priority of the CS, thus producing ‘ spontaneous 
recovery ’. A rather interesting point is that increasing the 
intensity of the CS may also help: and this is specifically 
mentioned by Pavlov (1927, p. 239) as being the case. 

Although extinction will thus occur even when the US is 
presented after each CS, this latter arrangement naturally 
ensures that the filter passes information from a different source 
(that of food) after each CS presentation. The next CS therefore 
always follows selection of another channel by the filter, and t is 
ensures some degree of novelty priority for it. When there ts 
no reinforcement by a US, the filter may continue to sdect 
the source of CS information throughout an experiment, this 
■will rapidly reduce the priority of that source of information, 
and thus cause even more rapid extinction. 

After extinction and spontaneous recovery, the next phen- 
omenon to be considered is disinhibition by some strange irrelevant 
stimulus. This may clearly be explained in the same way as 
the effect of reinforcement in opposing extinction. A mgn 
priority stimulus inserted between two presentations o a 
extinguished CS will ensure that the filter selects “different 
source of information and does not remain on t e 
during the interval between presentations. The effect wi 
course he only a temporary one, as indeed the effect of d.s- 

'“u^^ ti: "same explanation for fiainhibhion .d for 
continued reinforcement is of course " "f ‘‘X’ 

theories, though Uttley links the two p enome --inforce- 
differen; way. It is worth noting that the effects of remfome 

ment are similar in p“'s90) that the effect 

An inteLl before the ne.xt CS reduces the ^oft of 
ment. This should he true if the US is a d-oh*;:-- 
not fit orthodox views of reinforcement o 
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can be explained by Uttley, of course, by the reduced weighting 

of past events in assessing conditional probabilities. 

Again, a disinhibitor loses its effect with repeated presentation. 
If reinforcement does likewise it might be better to give the 
CS presentation after every other or every third presentation 
rather than every time. This is quite contrary to simple (though 
not to present-day) reinforcement or contiguity theories. Yet 
it is true, and was noted by Pavlov (1927, p. 884). It has since 
become celebrated under the title of ‘ partial reinforcement 
The advantage of this type of treatment should be greater when 
trials are massed, and there is some evidence that this is so 
(Jenkins and Stanley (1950) have reviewed some of the data). 
But in general partial reinforcement has been mostly studied in 
instrumental rather than classical conditioning, and there is no 
doubt that rather different factors operate in the two situations. 
"We shall consider instrumental conditioning later. 

We thus have some sort of explanation of the principal facts of 
extinction : what of the more peripheral ones ? External in- 
hibition is an obvious candidate for explanation. Clearly any 
intense or novel stimulus will compete with the CS, not only 
before conditioning occurs, but also afterwards. When such a 
stimulus is applied, the CS will not pass through the filter and 
no conditioned response will occur. It need hardly be said that 
a sufficiently long time after the application of an external 
inhibitor the chance of the filter selecting the source of CS 
information will be actually increased, that is, there will be 
disinhibition. The length of time necessary for this will vary 
inversely with the intensity and novelty of the external inhibitor: 
it is not at all surprising to this view that the same kind of 
stimulus should be regarded as an external inhibitor during its 
action and a disinhibitor afterwards, or an external inhibitor 
when very intense and a disinhibitor when weaker. These 
points were mentioned earlier, it will be recalled, as difficulties 
of the Uttley interpretation. Another such point is the loss of 
effectiveness of external inhibitors when they are presented 
repeatedly, even without CS or US. 

Induction cannot be completely explained by the filter mechan- 
ism, but positive induction can sometimes be handled by treating 
it like disinhibition. That is, presenting a negative stimulus 
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will actually increase response to a subsequent positive stimulus, 
because the filter lias had to shift from one source of information 
to another. Pavlov could not assimilate negative induction to 
disinhibition because the negative stimulus had no observable 
response attached to it: disinhibition was supposed to be due to 
the investigatory reaction, and, as this did not appear in the 
cases described as positive induction, the latter could not be due 
to the same mechanism as disinhibition (Pavlov 1927, p. 191). 

If this is the case, one would expect that the more different 
the event which represents the negative stimulus ^ from that 
which represents the positive stimulus, the greater the ‘ inductive 
effect on the latter. This is because the filter selects a source of 
information rather than a single signal: that is, it passes a class 
of stimuli having certain features in common. In the multi- 
channel listening experiments, it will be remembered, a series 
of different words spoken by the same person were all passed 
by the filter. Thus if positive and negative signals are very 
similar, they may both represent signals of 
such a case passing the negative stimulus throug t e ® . , 
no novelty priority to the positive stimulus. So 
expect the enhancement of response to a “ 

preceding negative one to be greater when t e v 
very different. There is some evidence in (/f !: 

pp 216-18) that this is the case. The "'f f,' 
the cases mentioned on those pages seem to e on j 

been established by direct extinction of the 

or by differentiation in which there k some reason to ^ wve to. 

the positive stimuli from which ^ i^oerin^ln? 

not *ose used as positive stimuli in the 

That is, the training was not of the sort Uttl^ aup^oses 

necessary for the production of induction ^ . 

usual case when the positive and 

differentiated from one another (prreuma^y^y^ greater the 

tion) the positive and negative indu Pavlov 1927, 

mori similar ffie tivo stimuli (Konorski 194^ p. 7 

p. 193). This sounds an ominous note for the hl.er tneory 

explanation of positive inducUon. -f^Vvant are so-called 
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The first of these is a name for the fact that animals do sometimes 
behave abnormally in their responsiveness to stimuli of different 
intensities. The usual behaviour is to respond more efficiently 
to more intense stimuli, as filter theory would predict. But 
some kinds of treatment of the animal will disturb this order of 
priority, so that faint stimuli actually become as likely as, or more 
likely than, intense stimuli to elicit response. As our explanation 
regards intensity as important not in itself, but in the priority it 
confers on a stimulus in competing with other stimuli, this is 
not surprising. We would expect, for instance, that prolonged 
presentation of stimuli would reverse their initial order of priority, 
since those which had passed the filter least often would have the 
highest novelty * priority. This is indeed one of the techniques 
for developing paradoxical phase (Pavlov 1927, p. 278). In 
human beings, it is interesting to note that schizophrenics show 
an abnormal relation between stimulus intensity and reaction 
time (Venables and Tizard 1956b). The reversal of rank order 
of stimuli after prolonged presentation has been noted already as 
appearing in watch-keeping over a number of dials. Those which 
are the best observed initially are the worst after a prolonged 
interval without any signals being delivered (Broadbent 1950). 

Backward conditioning is the name given to the technique of 
presenting the CS after the US. It is very difficult to establish 
a response to the CS alone by this technique. Fairly clearly, 
this IS a form of external inhibition; the food interferes with 
karning of the CS. To filter theory, the food is a high priority 
f therefore prevents the (probably 

hZe It ">^y bl noted 

wXir 7 Ut'Ify-typo explanation could also be applied; 

- the orthodox order of presentation, the probability is high 
nothin "“tbing, since CS followed 

folkwH the backward order CS 

f"gnotog°isW:’“‘>' 

Ltmils and Merits of the Various Theories 

Ittl‘1' tx^tount of ater theory as applied to extinction 

Rmadh r n" “ fttement by the present writer 

(Broadbent 1963c). Even at that time, however, weaknesses were 
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3 pp<ircnt. While positive induction was explained in terms of a 
parallel with disinhibition, negative induction presented a 
difficulty. There was no obvious reason why the presentation 
of a positive stimulus should actually decrease the chance of a 
succeeding negative stimulus producing a response. The caution 
was therefore given that the explanation of such phenomena tvas 
only tentative, and a particular case of negative induction was 
explained as due to ‘expectancy’ (Broadbent 1958c, P-^V- 
Following a series of stimuli of one kind, it was argued, the 
probability of a stimulus of another kind was low. One of 
Pavlov’s examples of negative induction was m fact that a Ob 
for salivation was less likely to receive response folbwing a series 
of CSs for defensive responses against shock. This could ne 
fitted to some extent by an expectancy theory, though without any 
great confidence; and no explanation at all was iidvanc™ 
more typical cases of negative induction. Since that time Uttley s 
explanation in terms of the conditional probabilities established 
by the Pavlovian method of differential training seems to provide 
an account of the majority of cases, both of positive and of 
negative induction. Furthermore, filter theoiy accounts o^y 
for temporary extinction. Permanent extinction, 
spontaneous recovery is not apparent, must be ^ 

sLe theory of the Uttley type; after repeated ^ 

CS with n^food, the animal develops a response “f 
to that CS. Is there any advantage in retaining 
then? Might it not be more parsimonious to use one the ry 

“'Tn L first place, let us summarize the pros “"d 
traditional views, namely counter-conditioning and r^ctive 

inhibition. The former has -jee— 

effects of massing and spacing tri , and it 

recovery. Its explanation of disinh.lnt.on . 1 “d “ 

offers 1 obvious snswer m the ^ 

continued reinforcement. And if postulate such 

is incompatible with the old one, response 

as that of Razran is necessary to explain how the new p 

appears for the first time. handle permanent ex- 

The reactive inhibition view ca conditioning. It 

tinction without supplementatton by c 
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can deal with massing and spacing, with spontaneous recovery, 
and with extinction with continued reinforcement by suitable 
choice of values for the various factors in the equations. It 
does not explain disinhibition clearly, nor external inhibition, 
and it does not explain how extinction can take place without 
occurrence of the response, nor how responses can be repeated 
provided the stimuli eliciting them are ehanged. 

Uttley’s conditional probability theory, and the filter theory, 
are modifications of these traditional views in the direction of 
centralism. The oeeurrenee of response is unimportant to 
either of them: the important proeesses take plaee at an earlier 
stage in the nervous system. This gives them the foliowing 
advantages. 


Uttley s system does not need a postulate resembling Raaran’s, 
to explain how the new response appears for the first time. 
As soon as the probabilities of events at the sense-organs change, 
the stored representations of those probabiiities within the 
organism ehange: the disappearanee of response to the CS is 
because the inference CS-food is no longer valid, and not because 
of some overt incompatible response. Furthermore, by giving 
heavy weighting to recent events, the system will explain spontane- 
ous recovery; but not massing and spacing. On the contrary, 
f weighted learning should be fastest 
tl* n •"'“la explanation of disinhibition is clearer 
a naA" ° Counter-conditioning theory, but assumes 

tLIs 'he part of the animal, 

rrinv M- °‘='"'"ed infrequently 
sS„!” 'Vhen the disinf^ibiting 

maTbrirhih^*’ • J*'- *'= of stimulu! 

my be inhibitory when intense and disinhibitoty when weak is 

"s faSrilefin^ 1 given for exmrnal inhibition 

L » ^'i" "0 explanation 

lor extinction with continued reinforcement 

so filte?,h?„’° “"nter-eonditioning, 

the alfv, ^1 ^ “ modified form of reactive inhibition. It has 

as thfSatS'^h '>'« i' 'vill explain such facts 
y Ae alternation by rats of the stimulus which they approach 
in a ttvo-ehoice situation even though this means repeating the 
same response. It can also make some sort of explanaLn for the 
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experiments which show extinction without performance of the 
response; but it should be noted that Uttley’s theory will handle 
these as well as filter theory does. For example, in Hurwitz 
(1955) experiment a rat is placed in a Skinner box with no lever 
present, and this lowers the number of bar-pressings in a 
subsequent trial period. This might be because the filter has 
passed information about the box recently and so rejects it now, 
with the result that few responses to it appear. But it might 
also be that the probability * food in this box ’ has become low : 
which might explain why, for example, Deese (1951) claims that 
spontaneous recovery from this form of extinction is less than 
that from the normal form. Again, a CS to a leg-flexion 
response was presented by Kimble and Kendall (1953) at low 
intensity so that no response occurred. This produced more 
extinction than an equal number of presentations of a normally 
intense CS. But the US was shock, given only if the CR did 


not occur. Consequently the weak stimulus gave more oppor- 
tunity for the probability of ‘ shock following extended leg 
following CS ’ to become low, whereas the intense CS did not 
give such opportunities — the leg was always flexed. Thus it is 
only spontaneous alternation, which cannot be interpreted m 
terms of conditional probabilities, which unequivocally supports 
filter theory as against Uttley’s system. (It should be noted that 
Glanzer’s suggestion that stimuli become satiated a ter repea e 
exposure is similar in many ways to filter theory an possesses 
the same advantages of explaining spontaneous alternation ot 
place. It must be modified, however, to take into account th 
work of Walker, Dember, Earl, Fliege and Karoly (1965) showing 
that presenting a stimulus outside the m^e does not produce 
more choices of the opposite stimulus msi e t ® ‘ . 

terms of filter theory, it is not whether a 

the sense-organ that matters: but whether it ^ latter 

the filter. Our only objective information “bout this latt 
condition is that a response to the particular stimulus cc^rmd j 
So presenting a stimulus outside the choice situation may well 
leave behaviour in the maze itself unaffecte .) j;c;nhibition 

Filter theory also provides an 
which readily accounts for the importance o ® 
and does not assume any particular pas p 
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occurrence of disinhibition and of external inhibition. It will 
explain the disappearance of the latter as the inhibitor is presented 
repeatedly alone. In addition it possesses all the advantages of 
reactive inhibition : but, like the latter concept, it cannot explain 
permanent extinction, nor spontaneous recovery ‘ in reverse 
The latter phenomenon we mentioned earlier; it is the finding 
that when a chronically extinguished response is reinforced, it may 
be restored but will be found to have disappeared again next day. 

It seems clear that reactive inhibition and counter-conditioning 
are open to fatal objections. They cannot even be combined, 
as Hull attempted to do, since the combination of Ir and Jr does 
not predict the results of spontaneous alternation experiments, 
nor those of extinction without response: nor provide any 
explanation for disinhibition. The choice lies between the two 
more recent theories, or, to be exact, between a theory based on 
conditional probabilities alone and one which also includes 
aspects of filter theory. Some parts of Uttley’s approach must be 
included to account for permanent extinction. 

A glance back at the objections to Uttley’s theory will show that 
it cannot be accepted by itself. are left with the combination 
of the two approaches; the nervous system stores conditional 
probabilities of events provided that information on the occurrence 
of those events passes through afilter at the input end of the system. 
Since the filter rejects information arriving on channels which 
have recently been passing information through the filter, repeated 
presentation of the same stimulus will produce failure to respond. 
A rest away from the situation will restore the status quo ; but if a 
CS is presented without food on many occasions the stored 
conditional probability will be changed, and tlic response to that 
CS will become inaction. 

TWs gives an outline of the way to combine the two theories; 
what of the details ? In some cases both theories explain the 
same facts, with varying degrees of efficiency. First, let us 
consider spontaneous recovery. The explanation by filter thcoiy’ 
cannot be sufficient because of* spontaneous rccovcrj* in reverse *. 
So we must include the extra weighting of recent events from 
Huley’s approach. Ycl the laltet would not explain massing and 
spacing, so that filter theory' must be kept in and both factors 
will therefore be operative in spontaneous recovery. 
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Secondly, external inhibition is dealt with in very unsatisfactory 
fashion by Uttley’s account. Filter theory is required to explain 
the waning of the effectiveness of an external inhibitor when 
presented repeatedly. While it is no doubt true that the prob- 
ability of ' food following CS plus unusual S ’ will be lower than 
that of ' food following CS alone the filter will reject a good deal 
of the information accompanying the CS and it may therefore be 
doubted whether this particular form of external inhibition is of 
great practical importance eompared with that explained by 

filter theory. , , 

Thirdly, in the case of induction, the merits of the theories are 
exactly reversed. Filter theory is very much strained in explmmng 
induction, whereas conditional probabilities do so easi y. 
may be a few cases in which the original explanation advanced by 
filter theory is correct, but most of those reported are based on 
the type of training supposed by Uttley to be necessary. 

Fourth and last, we come to the difficult question of dism- 
hibition. It is difficult because each theory has its own merits. 
An explanation in terms of conditional ® ^ 

particular training for the animal. Furthermore, i _ 
explain the differences between different * 

Filter theory does not have these weaknesses, but it seems *o 
explain onty the diainhibitiou which follows ^ 
no? that which occurs when CS and d.smh.b.ting ^ 

simultaneously. We shall shortly return to the P; ro^e of 
each theory in explaining disinhibition, but as ‘hj 'ead 

on to those discussed in the next chapter we will 
the rather different question of the The 

classical conditioning to that in instrumen a c jlfPcult to 

matter is important: because disinhibition ^ 
show in the instrumental situation an • j,, (Skinner 

denied by those working with that type o e p 
1938 ). 

On the Relation oj Classical to Instrumental 

It cannot have escaped the careful ^ Pavlov with some 
■ facts ■ cited in the present chapter “J" ago. 
expansion by Konorski. As this wor w pjjgm standards, 

and is technically faulty in many respects by modern 
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why is such reliance placed upon it rather than upon the copious 
modern animal studies ? The reason is a very simple one. Any 
glance through a journal will show that the majority of studies of 
animal behaviour employ instrumental rather than classical 
conditioning. The distinction is that, in the classical case, a CS 
is repeatedly presented with a US. The response to the latter is 
used as the dependent variable: when it occurs to the CS alone, 
conditioning has taken place. In instrumental conditioning 
there is normally no CS other than the continuously present 
stimuli arising from the apparatus. The response is one which 
appears spontaneously in the situation, and reinforcement is 
given by presenting some stimulus such as food which does not 
nomally produce the response which is to be conditioned. 
The spontaneously occurring response increases in frequency after 
being reinforced, and extinguishes if reinforcement is abandoned. 

Our concern throughout this book has been with the filtering of 
incoming information. We laid it down that the filter tends to 
select continually fresh sources of information. Consequently 
If the animal is placed in an unchanging situation, the various 
features of It will be passed through the filter each in turn (in 
order of priority) until all the information about the situation has 
entered the nervous system. This means that in unehanging 
urroundings response to some one feature of the situation will 
sooner or later occur, regardless of the priority of that feature 
dem-^nT'"® .u*' occurrence of such responses will 

ditiomi' Other factors such as the stored con- 

iuonal probabilities of various events within the organism, 
■^followed by food on one occasion in 
onlv onri. * Pressing will be more frequent than if food follows 
will be Tow ^"rthermore the rate of pressing 

Tb iw of IT (when the prob? 

If foTd s ^-ocdiately before the next. 

imtU T 1, “f response will die away 

orobabili^ oTf level at the time when the 

folIowdnvT, b boc-pressing is equal to that of food 

following no-bar-pressing. In general this means that equally 

responses in all m extinction, even if some other factor alters the 
rate at which responses are made. For instance, if some extran- 
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eous factor such as electric shock is applied on one day, this inay 
cause fewer responses to be made on that day because of other 
interfering activities. But correspondingly more responses will 
be made on later days to keep the total number of responses in 
extinction the same: since otherwise the number of instances 
in which food had followed bar-pressing would be m excess ot 
that holding in the original state of the animal. _ 

All these are in fact characteristics of instrumental conditioning, 
of which the best general account remains Skinners (19d8) 
classic text.* This strongly supports the intepretation tha 
mean rate of response depends on the conditions pro a i ity 
reinforcement following that response. But there are other a 
more negative aspects of instrumental conditioning; for on our 
interpretation the operation of the filter should appear 
detailed structure of the sequence of response but not in its mea 
rate. Thus if a trained animal is placed in a Skmner box for a 
series of extinction trials, we would expect long in P . 
intervals when the filter selected irrelevant “ 

short ones when it did not. The Utter wou ° ,„ouid 

rarely as time went on, so that the mean rate ° ■'“P , activity 

die away to zero; but it would be made up o animal is 

interspersed with periods of little response w e i_,jjasted 
otherv^e engaged This type of detail has not 
those who work with Skinner boxes; althoug ® intervals 
shown that reinforcement of ^ - report the 

makes those intervals more probable, e proceeds, 

changes in the distribution of intervals as s«s”n f oeeeP 
HunL (1957) has however reported '“ferstudy 

above), and his results confirm our sugges lo inter- 

of the records will show an increase in nujnb^^^^^ ,he 
response intervals without a correspon distribution 

number of short ones: that is a ividenmg of the 
rather than a shift of the mean time. -^nnrtance Skinner 

Disinhibition forms a negative instance ° P rvhlle it 

(1988, p. 97) tried to disinhibit a bar-pressing response 

• Ferster and Skinner's TOnSkis'a'u'X'i "“■nb'f 

familiar to the writer to be considered view, and the reader 

of results of importance from the present point 
should consult it. 
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was being extinguished, but failed. As we would put it, he would 
merely alter the priorities of various features of the environment 
by his presentation of a fresh stimulus : this might cause delay in 
responding, or the appearance of a response earlier than would 
otherwise be the case, depending on the intensity of the extra 
stimulus. Indeed Skinner reported that this was the case, but 
that there was no change in the mean rate of responding : and this 
we would expect. His failure to obtain disinhibition was due to 
the fact^that the instrumental situation is not sensitive to brief 
blocks m the responsiveness of the animal. Classical con- 
ditioning on the other hand is very sensitive. If a CS arrives and 
disappears while the filter is passing some other kind of informa- 
tion no response will occur. A preliminary stimulus which 
eig tens the priority of the CS just at the instant when it occurs 
wUI greatly improve the chances of response. In the instrumental 
case the most that can be expected is a brief intermittency in the 
rate of response. ^ 

It may be added that disinhibition has since been shown in an 
rareTr'" ’’y Instead of measuring 

r®,' to food in a runway, and 

met t ^ tneasuring over a short 

btiie H , '^"‘'“"“ment of response in extinction 

et tesponse temporarily. He was 

trtoote T I'®"" depression 

tinTon trd t ‘>PP'=‘>^= ” expertaental 

The argument ' ^ r depression is not inhibitory in nature, 
mem whh T " =‘"‘* ™ter is in full agree- 

d^ubts on the realty ^he pCm™ 

conditioning is the technique to use. If one is interested in the 
filtering of incoming information, classical conditioning is pre- 

twiir" «ted in this chapter 

TOile on this subject, we may hark back to our discussion of 
huinan vagilance. We argued in the human case that the mean 
efficiency of observation depended on the probability of a signal. 
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while the operation of the filter superimposed moment-to-moment 
variations on this mean efficiency. As the latter increased with 
time spent in a situation, short signals would show a rapid decre- 
ment as the work period continued. The efficiency of detecting 
long signals would show no such decrement, but mere y re ec 
the probability of signal occurrence. The distincuon is the same 
which we have now drawn between classical and mstrumenta 
conditioning. Holland’s analogy, mentioned in Chapter , 

between instrumental conditioning and det^Uon o a sig 
indefinite length, is valid and important. The ^ 

to detecting short signals, however, is the classical ■^“tooning 
situation or the discriminated operant using s o s ’ . 
neither case can conditioning be taken as an u ima 
the situation requites the kind of analysis w ic w j 

give it. The behaviour of the animat is the =>7; " 
and instrumental conditioning, but when we a observations, 
performed in observing it we alter the resu s 0 

DisinhiHtion , a. we 

We turn now lastly to the <l“r tmve Tpredtctilg 
noted earlier, filter theory has the im 

disinhibition only ,he conditional probability 

hibitor. A similar difficulty occurs «,riipr that in some 

explanation of induction: „ 18) a positive 

experiments of Podkopayev (Konorski , 

stiLlus had more effect when * ‘-red is 
negative stimulus than when de i—r training 

difficult to explain and negative stimuli, 

the animal by using alternate posi suggesting that 

Both these difficulties might b' Xb rna^P-s Ihroulh the 
information from two j^ppayev’s two stimuli were 

filter successively. Thus when P negative stimulus 

applied,thefilterselecmdfirstthejmceo^^^^^^^^^^^ .j-he 

and then shifted to the source __-arilv stored, was then 
latter information, having its ^enhanced response, 

passed through the filter and P ^fter the end of the 

A delay in applying the positive away to some third 

negative one wLld allow the fflter to shtfimvay^ 
channel. However plausible t 
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simultaneous to successive may seem, there is as yet no direct 
evidence for or against it in animals; we shall consider some 
similar cases in man in the next chapter. 

There are two other difficulties in the theory of disinhibition. 
First there is disinhihition of delay. If a CS is followed by a US 
only after a delay of, say, 3 min, a conditioned response may be 
established in which the CS is followed after 3 min by response 
even though no US has occurred. An extra stimulus applied 
during the delay will disrupt it by producing the response im- 

P- "“t fit the filter theory 

ot disinhibition, although the phenomenon seems closely similar 
to the efect of an extra stimulus applied with the stimulus 
tor an extinguished response. 

• second difficulty is that of disinhibition when a response 
IS being overlaid hy a new incompatible response. In such a case 
J^techevsky 1938) applying a shock may cause the 
reenve^ 0 reappear. This is suspiciously like ‘ spontaneous 
ffieZ^ u the same kind of difficulty for filter 

newTesnJ^ “ the same for both old and 

have no effect 

°s retrded^^^^^^ """ hand the stimulus 

stimulus sbni M ^ different for the tivo responses, no extra 

mornLl nf n “fit" than prefer the 

more novel of the two conditioned stimuli ^ 

■ snooze difficulties is as follows. To explain 

ca^ moneStT'^.h" '■ '“S' 

whSi thevare recLt assessment of conditional probabilities 
arrival We timv has passed since their 

degrees of effieler™ ? .c " different ways with different 

instant the input mml bTlmnled'Iro •°“‘P“‘ 

extend some fittle way into thf pit 

by ^perimenfand'hri' "'“r‘* respectively established 

oy experiment and by logic, into a further speculative suggestion 

in one store but only possine selecWrl items ofinfmHiai^lIi^he 
other store. In terms of Fig. 1 i„ Chapter 8. onHore wol 
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Operate on a Type C basis and the other on Type B. As was 
explained in Chapter 8, the latter requires a smaller capacity 
than the former and so should be able to deal with informaUon 
from a considerable portion of the organism s past history. e 
former, however, needs a large capacity and so will hold the 
information from only a few recent events. 

Such short and long term storage systems are common in 
modern machines. For example, a translating mac me w ic 
is to type out English might contain the stored rule * betore c 
except after c This rule would probably be built m by the 
designer, though in theory a machine could be designed to 
learn it for itself. The storage is in any case relatively permanent 
A short term store would also be needed to store the 
* c has just occurred This storage is ^treme y emp ’ 
since the arrival of the next letter will displace t e i ^ ■ 

Typically, long term stores in machines are base ° certain 
change in the machine, such as the plugging o ea n,.ti,ods 
sockets. Short term storage is more usually by ' mfnd a 

such as the transmission of a certain sequence o p 
closed circuit again and again until the in orma is 

The likelihood of such a dual storage 
increased by the recent work of Andjus, Knop . . j 

and Smith (1956). They froxe ra« some ^ 

had learned a maze. This treatment ^ , 

activity from continuing in the amma s ® scarcely 

Structure was unaffected. Retention -arller unpublished 

affected. On the other hand, they quote an e^he 
research by Ransmeier, which showe j min 

by freezing (or any other drastic treatmen ) g j-ecent 

after learning the maze. It thus appears ^ store 

events is mediated by a different and less structural typ 

than storage of more remote events. jisinhibition ? The 

How does this possibility help t P capacity, may be 

short term store, because of the strain 

regarded as the system which is ^ar ^ ^ ^ conditioning, the 
often mentioned. If entm the short term store. 

occurrence of a CS passes the filt« produced. 

Mter the appropriate interval * 5 j„sj.organs. 

But during the interval other stimul 
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Either the filter will exclude them, or they will enter the tem- 
porary store and displace the information on the recent occurrence 
of the CS. In the latter case the output occurs too soon and the 
phenomenon is regarded as disinhibition ; in the former case the 
other stimulus is ignored and might be regarded as inhibited by 
the ‘ inhibition of delay \ 

This account is slightly too simple. Complete displacement of 
the information concerning the CS would prevent response 
altogether. Although this is reported for very intense stimuli 
(Pavlov 1927, p. 95), it is not the disinhibition effect. What is 
needed for the latter is that part of the available capacity should 
be taken up by the extra stimuli, so that only the general fact that 
a CS has occurred remains in store, without detailed information 
on time intervals; disinhibition of delay will appear only with 
stimuli that are not too intense or otherwise of very high priority. 

We may now turn to orthodox disinliibition. If a previously 
established CS has begun to receive no reinforcement, this 
information is in the temporary store and so causes a temporary 
adjustment of response. On the next day the temporary store 
has been cleared, and the non-reinforced trials have scarcely 
influenced the permanent store, so that response returns to its 
original pre-extinction state. A similar result may be achieved 
without a delay of a day by presenting an extra stimulus even 
during the session on which extinction is begun. The extra 
information occupies the temporary store, leaving capacity 
available only for the registration of the occurrence of the CS 
and not for the recent alteration in the reinforcement schedule. 
The output is therefore determined by the permanent store; 
disinhibition. If the extra information places too much of a 
demand on the capacity of the short term store, even the occur- 
rence of the CS will not be registered. This is the external 
inhibition which too intense a stimulus may produce. 

The foregoing argument may be easier to understand if we 
consider again the machine which types English. Normally i 
is followed by e. When c occurs this ceases to be true, but after 
an interval in which other letters arrive it becomes true again. 
Interpolating an extra letter after the c will restore the normal 
relationship unless the interpolation prevents the occurrence of i 
from being detected by the machine. 
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This more complex and speculative theory has no difficulty with 
disinhibition either of delay or of a response which is being over- 
laid on another incompatible response. It represents an exten^on 
of Uttley’s postulate that recent events carry more weight than 
more remote ones: the recent events are in the temporary store 
and the past ones in the permanent store, and the two stores ave 
roughly equal weight in determining response, so that one recent 
event carries more weight among the few in its store t an one 
long past event does among the many in the other store. u 
there are other ways in which differential weighting cou e 
achieved, and it may be that one of them would give a et er 
explanation of the remaining puzzles in disinhibition t an wou 
the one we have just described. Although the dual natures of 
storage in machines have often been pointed out as ^ 

biological importance, there has been no direct evi ence o 
system in animals other than the experiments on . 

tioned earlier. We have here at least pointed out that a dual 
system would harmonize with some of tl« pecu i jj-get 

haviour; in the next chapter we shall be considering direct 
experiments on a short term system in man. 

GENERAL CONCLUSIONS 

We have seen that the older theories of ‘j™ ”“"n ‘ be 
crucial difficulties. The phenoinena o theory with 

explained, however, by a combination o our j prob- 

Uttley’s postulated mechanism for 

abilities of events. The two theories ‘^Tare the 

competing interpretations of the jt dear that 

points at which further advance is necessary. 

no inhibitory theory is needed. simultaneous 

The problems which remain sugge , ’ , ^ g[, and 

stimuli might receive successive passage of 

secondly, ffiat there might be a s^age responsible 

limited capacity distinct from the lo g these possi- 

for the reLtiL of the bulk beings which 

bilities are illuminated by experiments on human eings 

we shall now examine. 



CHAPTER 9 


IMMEDIATE MEMORY AND THE SHIFTING 
OF ATTENTION 

In this chapter we come full circle, back to the problems of 
multi-channel listening. The data to be considered ate those 
on short-term memory for information coming from various 
sources: although we are now back in the field of human 
performance, the reader will remember that our ignorance of 
the nature and limits of short-term memory was a considerable 
handicap in coming to any final conclusion about extinction in the 
last chapter. In Chapter 2 we considered multi-channel listening 
as though filtering was complete in its action at any one timej 
that U, a.s though a message which was telected at the time of 
its arrival could never pass through the filter later and produce a 
response. This over-simplification was for expository purposes 
only, to set out the conception of filtering without adding the 
necessary qualifying statements which are undoubtedly needed. 
By now the reader has probably grasped the basic idea of filtering 
incoming information, and although he may disagree on a good 
many points with the views put forward in earlier chapters, he 
has probably conceded that something of the sort does take 
place in some of the situations we have considered. The time is 
now ripe to return to multi-channel communication. 

The difficulty of immediate memory first presented itself in 
the field when the advantages of spatial separation of loud- 
speakers were being measured (Broadbent 1954b). As we said 
in Chapter 2, the merit of this type of auditory display is in 
providing information for the filter to use. That is, spatial 
separation was useful when some of the messages were to be 
ignored, but less useful as more of the information did in fact 
require response and could not be filtered out. But it was 
noticed that the improvement in performance with spatially 
separated loudspeakers was not only in the understanding of 
the messages once detected; in addition, more attempts were 
made to answer relevant messages. 

210 
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This had the following implications. Pairs of messages were 
arriving at the listener’s ears, each message a call- 

sign. In each pair one of the call-signs was t at o e is 
and marked out that message as relevant. Yet if more a«emp 
were made to answer relevant messages, it must mean 
listener had heard both call-si^s and of 

the loudspeakers had helped him to do this. a ljoJi 

filter theory if the listener could hear two channels on which 
call-sign information arrived simultaneously . indeed 

Introspectively. the answer was simple. 
listen to only one channel at a time, and so to ^ channels 
but if that call-sign appears irrelevant one can chang 
and still hear the relevant call-sign and 
channel. There seemed to be a kmd “f f 
sounds one had previously ignored now struc described 

ness. The experience is a 

by Hebb (1949). But it is one wh»ch ditterem p y 
in different words, and we have already responses are 

to rely on verbal accounts of the way m yjji, various 

organized. An attempt was therefore made to establ.sn 

objective measures of this type of perform^ • ^jQ^rect was 

A first indication that the “Sequent 

obtained by presenting series of spCial separation 

messages and at various speeds. L to be so. This was 

was still helpful, but at fast speeds it channels was 

to be expected if the information ^gjy and so took 

handled by the perceptual active terms, at higher 

longer in the separated case. In i L-nnel and then to the 
speeds one could not listen first to on before the process 

other ; another pair of call-signs wou , « glQ^ speed ’ here 

was finished. It is important to note 2 sec. ‘ Fast 

we mean that a pair of call-signs arrive So the process 

speed ’ means faster than one pair , channel, listening to 

of listening to a call-sign, shifting to taking more than 

another call-sign, and shifting back ^ai , 

1 sec and less than 2 sec (on these subje^* 

This then suggested the following in intelligence 

memory-span experiment used so c eight digits, 

testing. Normally one presents a series 
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rather like a telephone number, and asks the subject to repeat 
them back immediately. In the experiment we are now con- 
sidering the listener was given a pair of head-phones in which 
each ear was connected to a separate channel, and two lists of 
digits were presented simultaneously. Thus one ear might 
receive 728 while the other ear simultaneously received 945. The 
listener was asked to reproduce all six digits in any order he 
chose : and surprisingly enough was often able to do so. When 
he could, the order of reproduction was in the vast majority of 
cases either, 723945, or else 945723. That is, all the information 
from one channel appeared in response before any of the informa- 
tion from the other channel. A response of the type 792485, 
alternating channels, was never obtained. 

The experiment was also performed with deliberate instruc- 
tions to the subjects to alternate channels and so give the digits 
in the order in which they actually reached the ears. This was 
virtually impossible: although some subjects did achieve it to 
a limited extent, it seems likely that it was done by a preliminary 
response to the information in some other order followed by a 
transposition of this order into the required one before the 
digits were reproduced publicly. Such a transposition is known 
from intelligence testing to be possible though more difficult 
than normal memory span: one can repeat a telephone number 
backwards, but not so long a number as one can forwards. 

All the above results apply only at a speech rate of two digits/sec 
on each channel, a fairly normal speed. When slower rates 
were used it appeared that alternation of channels was still very 
difficult at one digit/sec, but quite possible at one digit every 
2 sec. This fits in with the earlier deduction that a complete 
cycle of two perceptions and two shifts of the filter occupies a 
time between 1-2 sec. Naturally this applies only to individuals 
of the type studied, namely British naval ratings. 

Before drawing any far-reaching conclusions from these results 
(which were all given by Broadbent 1954b) it is necessary to be 
sure that they are not due to some peculiarity of the relation 
between the two ears. One ear produces more activity on the 
opposite side of the cortex than the other ear does, and vice 
versa, and this peculiar form of immediate memory might therefore 
be due to the division of the cortex into two hemispheres, and 
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fail to apply when other senses are used for 
information. Another set of experiments (Broa ent ) 
made sure that this was not the case. They were simi ar o 
split memory-span experiment already mentione , u 
of using the two ears they used the eye and ear simu an 
In another variation different frequency regions were ® ^ ’ 

by mixing two tape recordings each containing t ree » 
passing one of the recordings (before mixing) t py 

rejecting low frequencies. In both these cases clear-cut 

similar to the binaural case were found, being m 
with the eye and ear, and less frequent when two voice j 

spectra were employed. In the eye and ear case was especiaUy 
striking that half the individuals studied repro uc 
infoJation first and then the visual 
cannot be due to some persistent audit ry 
from other senses. . . channels 

Two other differences between the • differing in 

should be noticed. First, an experiment wi . alternate 
their frequency characteristics showed that ms 
ehannels^ould be obeyed at a fo J with the 

H sec on each channel, as opposed to presumably the 

two ears. As the time for each Xnnel to 

same, this implies that ^ , are® different sound fre- 

another is shorter when the channels perhaps 

quencies than when they are different ear . of 

an appropriate point at which to to the time 

Cherry and Taylor (1954), which to one ear at 

taken to shift channels. They presen P delivered to 

a time; at intervals the speech was . • gj gar, and so on. 

the other ear instead, then returned to e — ^or at fast 

At slow switching rates this produce " . ^j^g listener to 

switching rates where no attempt was intelligibility 

follow the shifts from ear to ear. By found, when 

of the speech a point of maximum ^ a complete 

the mean switching rate was rather g jggg j^an 

8 c/s. That is, the speech was on m one ear 

1 sec. .ft.ntion from one ear 

They suggest that the listener s ^ attention does 

to the other, but that this shift takes J 
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rather like a telephone number, and asks the subject to repeat 
them back immediately. In the experiment wc are now con- 
sidering the listener was given a pair of head-phones in which 
each ear was connected to a separate channel, and Uvo lists of 
digits were presented simultaneously. Thus one ear might 
receive 723 while the other ear simultaneously received 945. The 
listener was asked to reproduce all six digits in any order he 
chose: and surprisingly enough was often able to do so. When 
he could, the order of reproduction was in the vast majority of 
cases either, 728945, or else 945728. That is, all the information 
from one channel appeared in response before any of the informa- 
tion from the other channel. A response of the type 792435, 
alternating channels, was never obtained. 

The experiment was also performed with deliberate instruc- 
tions to the subjects to alternate channels and so give the digits 
in the order in which they actually reached the ears. This was 
virtually impossible: although some subjects did achieve it to 
a limited extent, it seems likely that it was done by a preliminary 
response to the information in some other order followed by a 
transposition of this order into the required one before the 
digits were reproduced publicly. Such a transposition is known 
from intelligence testing to be possible though more difficult 
than normal memory span; one can repeat a telephone number 
backwards, but not so long a number as one can forwards. 

All the above results apply only at a speech rate of two digits/sec 
on each channel, a fairly normal speed. When slower rates 
were used it appeared that alternation of channels was still very 
difficult at one digit/sec, but quite possible at one digit every 
2 sec. This fits irr with the earlier deduction that a complete 
cycle of two perceptions and two shifts of the filter occupies a 
time between 1-2 sec. Naturally thk applies only to individuals 
of the type studied, namely British naval ratings. 

Before drawing any far-reaching conclusions from these results 
(which were all given by Broadbent 1954b) it is necessary to be 
sure that they are not due to some peculiarity of the relation 
between the two ears. One ear produces more activity on the 
opposite side of the cortex than the other ear does, and vice 
versa, and this peculiar form of immediate memory might therefore 
be due to the division of the cortex into two hemispheres, and 
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fail to apply when other senses are used for 

information. Another set of experiments ( roa 

made sure that this was not the case. They instead 

split memory-span experiment already mentione , , 

of using the two ears they used the eye and ear 

In another variation different frequency regions \\ere 

by mixing two tape recordings each containing ^ 

passing one of the recordings (before mixing) gnerallv 

rejecting low frequencies. In both these cases resu , 

similar to the bLural case were found, being 

with the eye and ear, and less frequent when two esoecially 

spectra were employed. In the eye and ear case i ^ auditory 

striking that half the individuals studied repro ^ ^ 

information first and then the visual "^Lt 

cannot be due to some persistent auditory after-eftect 

from other senses. , rhannels 

Two other differences between the differing in 

should be noticed. First, an experiment \vi . alternate 
their frequency characteristics showed Aat ms 
channels^ouS be obeyed at a - V.olh: "sefrund ?vhh the 
H sec on each channel. ^ ae^on is presumably the 

two ears. As the time for p P 

same, this implies that different sound fre- 

another is shorter when the perhaps 

quencics than when they a experiments of 

an appropriate P°>"‘ " „,|,ich are also related to the time 

Cherry and Taylor (1®®^!;,. presented speech to one ear at 
taken to shift channels. J turned off and delivered to 

a time; at intervals ^ned to the original ear, and so on. 

the other ear instead, th produced no difficulty, nor at fast 
At slow switching attempt was made by the listener to 

switching rates where n measuring the intelligibility 

follow the shifts from ea jpaximum difficulty was found, when 
of the speech a pom rather greater than a complete 

the mean switching ^ ^^r for just less than 

3 c/s. That is, the spcec 

I sec. . . rhe listener shifts attention from ^ 

Thej’ suggest that ^ attentton do« 

to the other, but t 
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not arrive at the other ear in time to hear anything. This is 
not an unduly different estimate from the one given earlier: 
two shifts would then take 5 sec, and if perception of a digit 
takes i sec this would give sec for the whole cycle of shifting 
between ears. Remembering that naval ratings are probably 
slower than most laboratory subjects, this is not too different 
from the time of U-2 sec found in the memory span experiments. 

But there arc other reasons for doubting whether Cherry and 
Taylor have hit on the only possible interpretation of their 
results. They report a control experiment in which the speech 
was switched on and off in one car only, the other being left 
unstimulated. As they note, intelligibility at slow switching 
rates remains only 50 per cent instead of rising to the 100 per 
cent level found with switching between the two ears. But the 
minimum intelUgibiUty is still at the 8 c/s point. This cannot 
be due to any shifting of attention, and it is not altogether clear 
what does explain it. (The finding of the control experiment 
agrees with results of Miller and Licklider 1950.) 

Schubert and Parker (1955) have since confirmed Cherry and 
Taylor’s results, but with the very interesting addition that 
inserting noise into the ear which is temporarily not receiving 
speech, reduces the size of the dip in intelligibility in the region 
of 8 c/s switching rate. (It also seems to shift it upwards to 
nearer the region of 6 c)s.) They therefore ascribe the 
result to a short-lasting contralateral inhibitory off-effect. Like 
Cherry and Taylor’s explanation, this ignores the fact that the 
same switching frequent in one ear alone produces more 
difficulty than other frequencies ; unless one supposes that the in- 
hibitory off-effect is ipsilateral as well as contralateral. In any case, 
the dip is still present with noise insertion, even though it is reduced. 

The present writer is thus doubtful whether this finding can 
be taken as evidence for the time taken to shift attention. An 
alternative explanation which might be offered is that the ear, 
like any other information handling system, samples the input 
over a certain length of tirtve before taking a decision on the 
nature of the input during that time. If the time is by preference 
^about I sec, a switching rate which allo^vs the speech to be 
present for only the first half of each sample impairs the chance 
of a\correct decision as to the nature of the sound delivered to 
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the ear. A frequency mudi lower than 8 c/s would allow 
50 per cent of samples to acquire adequate information, and so 
give 50 per cent intelligibility. A higher frequency will allow 
each sample to contain more than one burst of speech an so 
restore its adequacy. Inserting noise between each burst o 
speech might blur the dip if we assume that sampling tme 
normally starts from the onset of a sound in the ear. e- 
synchronizing the ear’s sampling and the switching of t e 
would upset the relation we have been considering. i 
suggestion is a digression from the main theme of t is c 
but will become important again in Chapter 11 when we 
the psychological refractory period. It is mentione ere ec 
Cherry and Taylor’s work raises it. _ , . .f 

Whatever we conclude about the time for an in ivi^ 
of attention (or, as we would put it, of the filter) it is **”P 
to note that the 2 sec cycle found in the memory span ®*P®^ . 

agrees with the length of the ‘ blocks ’ found continuous wo^K 
after it has been continued for some time. P , 

interpreted such blocks as due to a shift away ro 
and back again. ^ .v. a,.eond 

To revert to the immediate memory expenmen 
important difference between different sensory c ^ 
presenting information to the eye and ear simu a . jq 
at least as good retention as presenting all it 

one sense only and successively. This is *^P . jnformation 

suggests that whatever the processes through w i efficient 
passes in this type of memory span, they are a ,,sinc two 

as those of ordinary memory span. The orove this, 

ears or two frequency bands are not sumcien ordinary 

because in those situations performance is m er ^ 

memory span. This was thought from the ^ 
perceptual rather than a memory difficulty . c . jjjjc that 
difficulty in passing information from one ear an the 

ffom the other than it does in passing the ® irrelevant 

A control experiment had shovTi t a . But 

digits on the other ear produce a comparable c oonclusic^ 
the eye and ear experiments make this ten a jj^^oived in 
finner: no abnormally inefficient storage 


‘»mer: no abnormally inefhcicnt storage - 
these cases of successive response to simultaneous 
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The Problem of Short-term Storage 

Given, all the results mentioned so far in this chapter« it is 
clear that we can take it as a quite common occurrence for 
information reaching the senses at the same time to emerge 
from the effectors successively: to change, metaphorically 
speaking, from line abreast to line astern. It is not a peculiar 
function of some one combination of sense-organs. 

Fig. 5 illustrates the problem which immediately arises. There 
must be an earlier stage in the nervous system at which the 
information can pass simultaneously, which is labelled S in 
the figure. There is a later stage which can only pass the 
information successively, which we have labelled P. The ques- 
tion of acute interest is the point of transition from S to P, The 



Fig. 5. The type of flow diagram implied by the experiments con- 
sidered in Chapter 9. 

immediate memory experiments have shown that this is not at 
a point close to the muscles: undoubtedly it is true that the 
mouth cannot take up a shape suitable for saying two digits 
simultaneously, but if this were the only reason for the successive 
emergence of the information the problem would be trivial. 
However, the fact that the digits cannot emerge in the actual 
order of their arrival but only grouped by sensory channels 
shows that the transition from S to JP must take place farther 
back in the nervous system. 

Equally, the experiments with different sensory channels show 
that the junction of 5 and P does not lie in some specific sense- 
organ ; the next problem is to locate it more precisely within the 
nervous system. The alternatives seem to be twofold. Either 
the S system is a normal stage in the processing of information, 
entitled to the full box it is given in Fig. 5 ; or else it is an extra 
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introduced only for momentary overloads of information, and 
perhaps more fairly represented as in Fig. 6. This lagram 
emphasizes the fact that at the time of changeover t ere mus 
come a point at which part of the information as a tea y 
entered the P system, but the rest is still in the S sptem. 
may be that the S system exists only for this period of changeover, 
that it is essentially a storage mechanism for excess in orma 
while the P system is already handling as much as its capacity 
will warrant. Thus in our modified memory span ’ 

it may be that some of the information passes straig m 
P system and only the extra is delayed in the S system. 



Fig. 6. A variant on Fig. 5, to emphasize ^ 

system may only be used tn the simultaneou 

The next step, then, is to used to 

flow diagrams shown in Fip. 6 and 6, T e e jj^ents 

do this will need some previous explanation 
on immediate memory. 

Order Effects in Immediate Memory H rv is aware 

Anyone who is familiar with modern 

that a list of items learnt by heart are not equa 7 difficulty 

out. The beginning and end of the list pres^^^ between 
than the middle, and the point of greate — -Hiate memory, 
the middle and the end. Experiments on im 
using only one presentation, are less but there are 

which a list is presented repeatedly ’^^ti order of 

some such experiments, and they show that in In 

difficulty is roughly the same even in ^ halves 

the latter case, however, the difference bem'cen the 

of the list seems rather greater than the i , , feature of 

last items ti,A ttiJHHIr ones: the most notic ^ e,.cond 


list seems rather greater than the i , jg feature of 

ems and the middle ones: the mos n second 

•n immediate memory is that * j^em of all is 

the list of items, though possibly 
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The Problem of Short-term Store^e 

Given all the results mentioned so far in this chapter, it is 
clear that we can take it as a quite common occurrence for 
information reaching the senses at the same time to emerge 
from the effectors successively: to change, metaphorically 
speaking, from line abreast to line astern. It is not a peculiar 
function of some one combination of sense-organs. 

Fig. 5 illustrates the problem which immediately arises. There 
must be an earlier stage in the nervous system at which the 
information can pass simultaneously, which is labelled S in 
the figure. There is a later stage which can only pass the 
information successively, which we have labelled P. The ques- 
tion of acute interest is the point of transition from S to P. The 



Fig. 5, The type of flow diagram implied by the experiments con- 
sidered in Chapter 9. 

immediate memory experiments have shown that this is not at 
a point close to the muscles: undoubtedly it is true that the 
inouth cannot take up a shape suitable for saying two digits 
simultaneously, but if this were the only reason for the successive 
^ergence of the information the problem would be trivial. 
However, the fact that the digits cannot emerge in the actual 
order of their arrival but only grouped by sensory channels 
shows that the transition from 5 to P must take place farther 
back m the nervous system. 

Equally, the experiments with different sensory channels show 
t at the junction of S and P does not lie in some specific sense- 
organ ; the next problem is to locate it more precisely within the 
nervous system. The alternatives seem to be twofold. Either 
the S system is a normal stage in the processing of information, 
entitled to the full box it is given in Fig. 5 ; or else it is an extra 
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list alone, or one list and then the other. In some ^ 
recall conditions were known before presentation, an in o 
they were left ambiguous until after presentation. 

As far as serial order is concerned, Brow’s s show 
that the efficiency of recall of a list is lower when *e other list 
has previously been recalled than when rec^ o one s 
requLd. This result comes from comparisons made wi* the 
same amount of knowledge during presentation, 
knowledge. These findings confirm those “f ^ay 
on the elect of recall order on reproduction: the 
Kay and Boulton, in that the items were presented 
and not in the opposite order to that of reca , is a v . 

The earlier resulLight have been due to differences m the time 

•“ £ 

rade, mil h.: 

the conditions with prior knowledge o ^ ^ to 

than those without, eLpt for the c^e when o^er list 
be recalled first. That is, memorizing of 

needed for recall is a handicap: I, does not 

recall depresses the first items to 

significantly depress the last Lawrence and 

Another experiment on recall ord tachistoscopically 

Laberge (1966). They used were shown, and 

displayed for sec. Two rards 

each card contained several objects o numbers, two 

There were thus six facts Vere given prior 

shapes, and two colours. U the J jijoensions, errors 
instructions to concentrate on o”® ° of recall was 

tended to be made on the others. u i , concentrate 

laid down by the experimenter (>vit ° obtained: the 

on one dimension) exactly similar re authors 

errors are made on the last dimensions P . account of 

concluded that the traditional * selec iv p ^^j^ggggsary. The 
the effects of instructions to concen ra order. This inter- 

results could be explained in terms o r moment the 

pretation will have to be considered lare • ^ost 

important point is that the first item 
efficiently reproduced. 

*5 
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slightly better recalled than those before it. A typical experiment 
is that of Robinson and Brown (1926). The same finding has 
appeared in the work of Kay and Poulton (1951), which includes 
some other facts which should be considered. 

They compared two conditions: one in which the subject 
knew in advance that he would have to recall the items in their 
order of arrival, and one in which he did not know whether he 
would have to recall the items in the same order or with the 
second half of the list first. In the latter condition the order 
of recall was prescribed by the experimenter after the items had 
been presented. As has been said in the last paragraph, in the 
orthodox condition orthodox serial order effects were found; 
but they were altered in the other condition, when the subject 
was in doubt about the order of recall. 


If the order of recall was in fact the same as that of presentation, 
the only difference between the two conditions lay in the subject’s 
Imowledge. Yet the subjects who were left in ignorance did not 
do better on the last item than on those preceding: and they 
did do better on the first item of the second half than on the 
Items before and after it. In other words the usual bow-shaped 
curve of difficulty is influenced by the memorizer’s state at the 
time when the information arrives. Most important from our 
point of view, however, is the fact that the first half of the list 
was still recalled better than the second half. This difference 
depends on the order of presentation and recall and not, in this 
experiment, on previous knowledge. When the order of recall 
was m fact reversed, the nvo halves of the list showed equal 
numbers of errors: thus the order of recall as well as that of 
presentation influences the results, and their effects may be 
re^rded cancelling out when they are in opposite directions. 

Urown (1954) performed some similar experiments with 
important differences. Instead of presenting all the information 
two different lists simultaneously. 
Each hst had its own kind of item: thus one might consist of 
numbers and the other of arrows pointing in different directions. 
They were seen by the subject on a moving paper belt, and he 
had to r^pond to them while they arrived as well as attempting 
to retail them afteiw’ards. The various possible conditions were 
that the subject might have to give one list alone, or the other 
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The Effect of Instructions Before and After Stimulation 
An experiment was therefore designed in which three digits 
were presented to one ear, and three to the other simultaneously! 
the order of reeall was prescribed by the experimenter either 
before or after stimulation (Broadbent 1957c). ciency 


the order of recall was prescribed by tne expe.....™- 

before or after stimulation (Broadbent 1957c). ^ ciency 
the ear indicated for prior recall was compared with that on t 
other ear. When the reeall order was prescribed before stmula- 
tion, the first channel always received a muc ^ ^ 

response than the second. In the other con ition an -rjal 

result anneared. In early stages of practice the noroal^sena 


use than the second. In the other condition an onexpeewu 
appeared. In early stages of P^bec the noimal serial 

order effect was shown l m imatefv equal 


order effect was shownl in later stages it almost disjpeareo 
and the two channels were handled with approximately equal 

wTmust conclude that our original antithesis was a false 
one. The listener can function cither in the J 

or in that of Fig. 6. Further, he changes towards ^fatter^as 

he becomes more familiar with the situa lo . jj 

his doing so is evident when one cxannnes ^jjtive level 

efficiency shown by the subjects as opp „-_:gi order effect 
on theTwo ears. When they show the usua senaUrd« 

they perform much '''f “ guyerts who are informed 

they have lost the usual order effect, b J rnuch better at 

of the order of recall before the stimu i arri ignorance, 

early stages of practice than do their co eag - difference 
At the later stage of practice ‘he/e " Xf “mufation. so 
between prescribing recall order be or ,j,„efore as though 
far as overall efficiency is concerned. one and it is 

the system shown in Fig. 5 was an inefficient one. 

preferable to operate as in Fig. 6. , ■ ought perhaps 

Before considering this concliwlon other workers who 

to compare these results with those o namely, Brown, 

have prescribed recall order after in general in 

and Lawrence and Laberge. Browns jjjg 

agreement with the present ones. ® sort of serial 

experiment using simultaneous pr -.pi for low levels of 

order effect reported by the presen eauallv well on both 
practice. That is, his subjects always order 

halves of the list if they be for one of 

at the time of presentation. This y 
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Lastly, in all the experiments by the present writer on memory 
span using two channels of presentation, the first items to be 
recorded were also the most likely to be correct. This was 
true even if the subjects were told in advance which of the channels 
to record first : that is, the results were not recalled first because 
they were right. They were right because they were recalled first. 

To summarize all these results: if information enters a man 
successively and leaves him in the same order, the first items are 
the best recalled. This does not depend on his knowledge that 
recall will be required in that order. Nor does it depend on the 
i^ms entering in a serial order; as long as they leave in an order 
the effect will appear. If the order of leaving is opposite to the 
order of entry, the effects may cancel out. 

In terms of the analysis made in the last section of this chapter, 
t IS seems to mean that the first information to pass through the 
system is the most likely to emerge successfully. It is a fair 
assumption that the P system is involved in ordinary memory 
span, even th^gh the S system may not be. In any case, the 
sens or er effects apply even in the simultaneous stimulation 
ca^ from which our P system was defined. 

This means that by varying the time at which instructions are 
given for a particular order of recall, we should be able to detect 
time at which the P system operates. If we present two 
simultaneous sets of digits, and only say after the presentation 
Fit r f P'^^'cular order of recall, the system shown in 

information to the P system 
j information required to be recalled 

fir^ would m fact be the best recalled. 

Other hand, would pass 
O'" P as it arri;ed. As the 

into the P ^ ^ given, the order of passage 

and mnv '*'*«'’P'ined by the instructions 

Ler “respond with them, if it does not. the 

Kav and P T'"" ‘«nsposed-with the results shown by 

Kay and Poulton We would thus expect the serial order effecit 
for mnair ^ reduced or even abolished by giving instructions 
^tcT I" ■'=<1 been delivered, if the 

n^der e(T m *= ^'g- 5 type, serial 

order effect wdl be normal, as we said in the last paragraph. 
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conveys information. Different events may be the same in some 
characteristics but different in others: thus they may be the 
same colour but different in shape. The filter which we have 
been supposing, passes the information from events which have 
some characteristics in common. Thus it may pass ng 
side sounds and reject those coming from the left-han si e o 
the head. Now admittedly the colours of several objects have 
in common the characteristic of affecting colour receptors 
than, say, touch ones. But it seems plausible^ t at t le cr 
would operate more readily on some characteristic in w ic no 
only the dimension but the point on that dimension is common 
several events. Such a characteristic does cpt m 
and Laberge*s experiments: it is spatial position. nc . 

shape, and number were observed in one place an on 
other. If the filter operated on the basis of p ace, 
response of the subjects would have been - re squ^ , 
circles • rather than ‘ 2, 4, red, blue, squares, Crete . Dut 
was a recall order which they were oomfe 

The importance of this is that, if the subjec w jystcni 
as Fig. 0 systems, the first information s)s«m 

would be the shape, colour, and number of th j 
card, and this information would therefore c 
than that from the other card, "hen ,j u’do„biedIy 

ginning, say, with both “^bc cancelled out by 

exercise its normal effect and would no exactly the 

instances in which the subject had - through the 

opposite order for the first passage o ° 5 \-stcms attain 
P system. Thus they could opemte as ,he 

the correspondingly high level of efiicienej-. and >et 
serial order effect due to the order of rcca • . ^ I^wrcncc 

Both these possible reasons for the TIius if 

and Laberge’s results could be the^cxpcrimcnl %uth ‘left 

the latter one is true, a repetition of f ^-ecail would mal^e 
first ’ and * right first * as the *”***^‘^’?”*s writer’s experiment, 
the results approximate to those foun m cjjangc in results 

If the former explanation 'Tvinc' the prorision of recall 
could be achieved simply by "f. i^jinn. 
order instructions for some time alter i j^najion i« gi'^” 

But It U not in fact vcr>- important uhat exp 
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reasons : his subjects were all given a day's practice before results 
were taken, so that they may have been aware of the greater 
efficiency of the Fig. 6 type of performance. Secondly, he 
required response during presentation, and this may encourage 
the use of the P system at that time. He did obtain a serial 
order effect when successive presentation of the two halves of 
the list was used, just as Kay and Poulton did; but this is of 
course not comparable to simultaneous presentation. 

Thus far the agreement is fairly good. But Lawrence and 
Laberge s results are a different matter. They found, it will be 
remembered, that they obtained a normal serial order effect 
even when ffie order of recall was prescribed after presentation: 
m conjunction with a normal overall level of efficiency. 
^ very properly therefore decided that no selective factor 
need be supposed to operate at the time of stimulation, and that 
the selectivity which appears in response is due purely to 
memory and response factors. How can we reconcile, first, 

thSr i secondly, 

th^ interpretation with filter theory ? 

between their conditions and 
the actual time taken 

of secrdf°" r ^ of 

?vDe svsr This means that a Fig. C 

SoupVffi" P°“ P'*'® “y information 

The diffe* ^ was actually in progress, 

would r, " '5'P= ^“^nibling that in Fig. 5 

rems ffia *" ^>‘Perhnents. It dso 

t” i^fi, 7"""'“’ would have longer 

inefficiency ” ^ other experiments and so to produce greater 

is that ffiev Hn Lawrence and Laberge’s experiment 

t™ oft* spontaneous order of recall in their 

Zns J f “"Sidering stimulus dimen- 

tetsat if '"““"g information, as was 

dSrSneri 1 “n'P"''"Wo with those of 

toTnWe a, *- ™ ' '•r P““P‘i"n- I‘ mny be advisable 

to enlarge at this point on the differences betiveen the concents 

before, has a number of eharaeteristies by virtue of which it 
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the latter apparently need not. So one would have thought, if the 
S system was simply a poor one, that simultaneous presentation 
would be worse than successive. 

The best way of reconciling these results seems to be tlwt one 
should adopt the possibility that the S system is only an ine 
one when information stays in it for some time. Thus ^ 
process of delivering the stimuli takes a considerable time, ig. 
performance is liable to be poor. Fig. 6 performance a lows all 
the information to leave the S system rather more quickly, and 
so is more efficient. This is, of course, the first o^ t e exp ana 
tions advanced earlier for Lawrence and Laberge s resu s. 
their situation the process of stimulation was rapi y over, an 
the withdrawal of it from the S system cou d egin soo - 
Thus efficiency with Fig. 5 performance would be nearly 
same as with Fig. 6 performance. . , 

This means that the information in the ? . .jjjjg 

in a matter of seconds: a very rapid decay mdee . closely 

to examine this suggestion directly: m 

linked to a theory of immediate memory which V 

consider. 

m ■ Rehearsal and Fading Trace ' Theory "f 
Brown (1955) performed a number ”hich rve 

immediate memory, besides those on serial or e usually 

have already mentioned. Many of them were J 

described as ‘ retroactive inhibition other activity, 

recall was separated froin the presentati y learning 

In most retroactive inhibition expenme ^ , information, 

is carried on over many repeamd presentations of the into^^ 
and the interpolated activity is also a earni g unusual in 

ference is usually found. Brown ® ■ jnul material, and in 

employing only one presenmtion <>'.'“ ? which required 

Using for interpolated activity a senes 

response but which were not to be memori control experi- 
show fairly severe interference in this particularly 

ments he showed that the amount presentation and 

affected by varying the time interval - . ^gpce depended 
recall. He also showed that the , number of intcr- 

tipon the amount of original material an 
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for the divergence of results in the two types of situation. The 
writer s results certainly do not require that any selection exists 
among the various stimuli reaching the senses, at the time of 
their arrival: only that part of the information is selected for 
passing on to a later mechanism. This latter system, as we 
savv in Chapter 3, is limited chiefly by the extent to which it 
holds information from earlier instants in the history of the 
organism. As we said in that chapter, two single isolated stimuli 
are less likely to interfere with one another than two streams of 
speech, and from one point of view one might say that this is 
because of limitations of memory rather than perception. How- 
ever, to the writer it seems artiflcial to distinguish between 
perception and ' memory for stimuli arriving a second or so 
previously , and he would therefore have preferred to describe 
awrence and Laberge s results as showing that the selective 
perception appears only as the percept develops and 
I?' stimulation. The point shows clearly the 

“ ‘perception’ and ’ memory ’ 
J’*'" ‘‘'.'J'.ete used in anything more than a very rough 
of Fi« a ’a a'" >"‘ercst. In the flow diagrams 

o lL®! ‘ memory ’ in view 

‘ oememlnn ■ '>■'= writer the word 

the bofp ? “ “ memory, so that he labelled 

people nerve standing for storage. But as to some 

fetS “r'™. =>" "'™ory it is better to keep to 

over tile doubt'U'etlTer Re f" °r 

events within tia • ^ ^ most nearly represents 

simadorn •'■'''= simultaneous stimulation 

wrimr-reLTrirne'?'." F- " '>»= rcsults of the 

and this locks as" though' the'’S^™“‘"'- 
Avoiding passage through the /seSm"" " “ *«. O"?- 

able to do in the Fig.® of hpT’ 

results Tint it hie u • performance, produces better 
r^ults. But It has been pointed out earlier that when the eve 
and ear are the two sensory channels for delivering the informa- 
tion, performance is at least as good with slmultanLus presel- 
mn as m the successive presenution of ordinary memory span. 
Tlie former must involve the S system for some oRhe informadon. 
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and after passage through the P is perhaps open to doubt: 

it may be that the store which lies before the P system is not the 
same as that which lies after it. But for parsimony we may 
perhaps assume that they are identical for the moment. The 
theory thus becomes one of recurrent circuit type, in which 
information is passed continuously around a loop until require . 
As has been said, this is in fact a common device for short term 
storage in machines ; although in the latter application each part 
of the equipment is usually only able to pass one item at a time, 
whereas in the present case the S system can hold ^em a ^ 
simultaneously. However, this is merely a matter of definitions . 
if we considered a loop in a machine in two sections, one mu 
smaller than the remainder, it would be true that all the m 
tion could be in the large part simultaneously but t e sma pa 
only successively. The analogy may be sufficiently c osc, t ere 
fore: but our more general formulation includes the possi i itj 
that the underlying mechanism of the system ’ 

successive excitation of a series of synapses which gra ua J . 
threshold between excitations. Any 
could produce a number of possible mechanisms, and it v.onia 
a pity to commit oneself to any one of them. . 

The possibility that the 5 system can hold mformatmn on^ 
a limited time is therefore of some general in 
providing an explanation for the discrepancy /Hroadbent 

last section. An experiment was therefore set up ( 

1S57C) in which the P system was kept ‘’"“P' , |,anncl. 

lengths of time after the arrit-al of information by another ehajm^^ 

Thus there would be increasing opportumV ^ to 

show a decline in cffielenej- with time. The 
deliver six digits to one ear, and 'o ‘ “ the 5 !^ The 

the other car at some time dunng 

listener was instructed to report first tn Jlmn arrived just 
Tliis he was able to do quite well when the “ d'P^ ^riied 
before the end of the six: but much ^ .l. ^. 55 ^.stcm for 

earlier. In other words if the two *^JS*** .jjg p *ptcm. 

niorc than a second or so before their - interest that ilie 

they were less efficiently recalled. ,i,. milled than the 

^nd of the two digits was more efficentlv 
lift: it had, of course, been in store for shorle 
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polated stimuli. If there were few items to be recalled, many 
interpolated stimuli were needed to produce interference. 

All this agrees well with everyday experience. If we are told 
a telephone number, the time taken to walk across the room and 
dial the number makes little difference to our efficiency, so long 
as no other action is required of us. To be asked a question 
between hearing the number and dialling it will, if we have to 
answer the question, interfere severely. And of course a long 
modern number shows the effects of interference more than the 
short numbers of country exchanges in the past. Introspectively, 
most people would say that this was because they rehearsed the 
number internally between hearing it and dialling it. If anything 
interfered with the process of saying the number over and over 
subvocally, it would be forgotten. 

Brown therefore suggested a theory based on this introspective 
account: the presented material forms a trace which decays 
rapidly but can be restored by rehearsal. Since all the items 
cannot be rehearsed simultaneously, there is a limit to the number 
existence as traces by rehearsing 
each m turn and returning to the first when the last has been 
rati of a number fixed by the rate of decay, and the 

befar<f,h. f disappeared completely 

will interferes with rehearsal 

s?cces«vT5h,r^ "O* 'h>= interval between 

little before ‘mces may safely be allowed to decay a 

™d "“‘.t'hearsal. Brown found, as would be 

t™Tntrod interpolated activity 

The nte „,h T“ Ptt^ntation and recall was not important. 

StTne^rirr it4r:ht rf 

tLt mtzr- 1 ™ "““hers, and it seems likely 

that rehearsal ,s less important with such material 

In terms of our analysis, this theory amounts to the sueeestion 

Lut Th for aTmStlme: 

S svsm,^ ‘he/ system it can be returned to the 

S system. The identity of the S system in the two cases, before 
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lated into the familiar decimal numbers in which each digit can 
take any value from 0 to 9. If the subject is trained in such 
translation he can translate a series of ones and zeros into ordinary 
numbers as they are presented. He can then handle a norma 
memory span of about seven or eight digits, and retranslate into 
binary numbers when asked for recall. His apparent span or 
binary digits is then much greater, as each decimal digit is e 
equivalent of several binary ones- But this increase m span 
depends on training in recoding one set of items into anot er. 
without such training the span is determined by number ot items 
and not by information per item. A rather simi ar e ec is 
found by Aborn and Rubenstein (1952) who varied the 
of information in a span by restricting transition pro a 
between items rather than the size of the vocabulary ° ' 

They reported results favourable to a view of imme t^teme 

a store of constant capacity in informational terms, rat 
constant number of items. Learning of transition P^^babdities 
is rather more similar to Miller’s recoding technique a 
vocabulary size is. Even in this case, however, the 
relation broke down when large numbers of itenis 

At first sight, this general finding that imme la e 
not have a constan? capacity fits read ly mto * «cu«c« 
circuit ’ theory of immediate memory. If we were g P ^ 
with a passive store it would be reasonable jg, 

constant amount of information. If the imi system 

by the number of items which can be passed *cough the ^ys 
before the 5 system loses the first of them it is more plausio 
that a constant number of items should be t ® P 

But the matter is not completely simp information: 

system is presumably one of rate o _ 

indeed, this must be so if we are to suppose ^ systems 

postulated in earlier chapters lies economical use of 

and serves the purpose of securing the stimuli of 

the latter. RememLr the experiments than do 

low information content interfere wi informa- 

those of high information content. Ht en, rapidly, why 

tion content can pass through the P ™ Txo^ry of the time 
cannot more of them be circulated before th P >7 
limit for information in the S system ? 
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These results seem to confirm Brown’s suggestion, though 
there are perhaps other theories with which they might also be 
consistent. However, the view of immediate memory as a 
circulation of information from a temporary store through a 
limited capacity system and back again, repeated until response is 
required, seems to harmonize a number of results and at the 
moment is the most probable suggestion. 

Another result bears no direct relation to Brown’s theory but 
IS of some interest for other reasons. This is the effect of inserting 
irrelevant items before or after the relevant ones in the S system. 
t or instance, suppose six digits are presented to each ear, and the 
listener is asked to give first all six from the right ear and then, 
say. the first two from the left ear. This task is almost impossible : 
^parent y irre evant^ items place some extra load on the system. 

heir effect is practically as great whether they come before or 

contrasted with the 
^ irrelevant items on one ear when all the 

Is rn.. (Cherry 1953). As we have 

svstm tv, hher which selects information for the P 

If releva having some characteristic in common. 

effect T . ‘‘ems are on the same channel, the 

effect of the latter is considerable. 

thdrrriev.f he considered, because of 

do ™t eon"r of immediate memoty, allhough they 

the effecrof V ®™“‘'aneous stimulation. These are results on 
erthodrx 'h=.=‘™ount of information per item in an 

(19531 thaTtTe been found by Pollack 

depenVs o' ^ ■" a situation 

S per hem T? “T “n the informa- 

spa7irn:”onsmntiTrg:etf^^^^^^^^ 

^f iterrilld ■ mtl“h“'r f 

cAbe improved by training sXcctr"lfe“ ‘"'l°""?'‘on content 
itemed items having a high information “"Zr Sance 
bmao\.umbers m which each digit is either 1 or 0 can ^e tansi 



SHIFTING OF ATTENTION 229 

lated into the familiar decimal numbers in which ^ T 

take any value from 0 to 9. If the subject is 'tam d m ^ 

translation he can translate a series of ones and zeros i j 

numbers as they are presented. He 

memory span of about seven or eight digits, an 

binary numbers when asked for recall. i jj-jj jj the 

binary digits is then much greater, as caeh^^ 

equivalent of several binary ones. another; 

depends on training ” recoding one t f ^ 

without such training the span is determ J 

and not by information per 'ta""; the amount 

found by Aborii and ^“be^tem ( ) ttansition probabilities 

of information in a span by restri g vneabulary of items. 

between items rather than the size “ fj egjate memory as 

They reported results ,1 ,ern,s rather than of a 

a store o"f constant capacity probabilities 

constant number of Items, l^anu b Unlearning of 

is rather more similar to Miller’s reco the constant capacity 

vocabulary size is. Even in this case, r hems were being used. 

relation broke down when large num e tg memory does 

At first sight, this general findmg ,he ' recurrent 

not have a constant capacity dealing simply 

circuit ’ theory of ™™“^“'fi'^,r^e2onable to expect it to hold a 
with a passive store it would b span is set 

constant amount of information. through the P system 

by the number of items which can P plausible 

before the 5 system loses the li„,it. 

that a constant number of items s -p^e limit on the P 

But the matter is not complete^ P information: 

system is presumably one ^se that the filter we have 

indeed, this must be so if we ,he 5 and P systems 

postulated in earlier ehaptem lies ^„„„mical use of 

Ld serves the purpose of souring *= m^^ , of 

the latter. Remember the exp another than do 

low information content interfere *'?" hen. items of low informa- 

those of high information eontCT . rapidly, why 

lion content can psss through tfe „f ,he time 

cannot more of them be nr j 

limit for information in the S s} 
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Various answers to this difficulty are possible. First, one 
might suggest that to some extent the filter needs to change 
channel for every fresh item: the time taken for rehearsal is then 
largely a question of the product of the number of items and the 
time taken for a shift of the filter. As the latter is unrelated to 
the information in the item, the total time for rehearsal will be 
much the same even though each item takes only a short time to 
pass into the P system. It is indeed true that the span is slightly 
longer for low information items, as might be expected from the 
slight reduction in rehearsal time per item which would occur on 
this theory. But although this suggestion was put forward by 
the writer (Broadbent 1957d) he feels somewhat dissatisfied with 
It. It is very implausible to suppose shifts of the filter between 
eac item when the whole purpose of the latter is to pass items 
with common characteristic. Furthermore, the number of 
successive items which are completely identical is of course greater 
m bina^ numbers than in decimal ones, so that fewer shifts 
would be required in the former case. It might be interesting 
to know whether longer spans are possible when there are more 
mns of similar items and therefore, on this view, fewer filter 
tinliVpl reasons the explanation seems rather 


possibility is that the time limit for items remaining 
cont. f ® of information 

rehearsed before the time limit 
rehearsal is faster. 

wtfZ po^fo’o'o “ too unlikely: 

mJrr M ‘““I’ unsatisfactory word, to L 

Yet if r'l tfo 't'gft infomation items. 

Sr iiS In? diutousions on which items 

Tthem A r of oourse differ on more 

tarLlSn^the which should he valuable 

m res, Strug the effects of time on the storage system. 

Perhaps the most hopeful suggestion is one by Brown himself 

iSnf 'fto order of items 

Lre as rh ' / !"fo™t;on rn the span, and progressively 
more as the rnformation per rtem decreases. If infon^ation on 
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the order of items is lost more easily than information on the 
nature of items, there would tend to be a limit to the number 
independent of the information per item. A possible criticism 
which occurs to the writer is that this mechanism would 
limit to the span without any need for the postulate that the 
S system possesses a time limit, so that the facts are being over 
explained and we ought to discard one or other postulate. 

All these explanations should be testable by experiment, an 
future work may therefore decide which of them is t e 
one. However, the fact that span is limited by ^ ujfnr 

rather than by information is obviously not a crucia i cu ty 
the ‘ recurrent circuit ’ theory of memory. 

Implications oj these results for earlier pro , 

about immediate memory which we have been 
a bearing on each of the topics we have ^multi-channel 

chapters. In the first place, we can see tha 
listening is likely to be eased by the j jjjg peaks 

the rate of arrival of information can bejiandled. T 
must be only momentary, but as long another 

store items on one channel for cal that 

channel, he wUl be able to cope with both. ^ 

Mowbray’s experiments described m C P ^ 

conditions which would minimize this poss ry . 
continuous streams of information there would be n 
for a shift from one channel to another 

information. In his experiment using embedded in 

(rather than continuous streams) the items j^ance of the 
irrelevant material; the latter would « s^'Stem if the 

relevant information being wthdra'vn rom 
•P system was handling another channel w ® that there 

But this does not invalidate the genera con- 

‘s a limit to the capacity of the perceptua ' information 

ception of a filter which selects part ot c p ^ ^.j^^nts con- 
fer feeding to that perceptual these points, but 

sidered in Chapter 2 are of v^ue as esta i -jj^ents on split 
conclusions are e added .h« 

memory span. The qualification simply only at a 

filter docs not operate at the hind. This 

nftcr a storage system of a very 
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Various answers to this difficulty are possible. First, one 
might suggest that to some extent the filter needs to change 
channel for every fresh item : the time taken for rehearsal is then 
largely a question of the product of the number of items and the 
time taken for a shift of the filter. As the latter is unrelated to 
the information in the item, the total time for rehearsal will be 
much the same even though each item takes only a short time to 
pass into the P system. It is indeed true that the span is slightly 
longer for low information items, as might be expected from the 
slight reduction in rehearsal time per item which would occur on 
ffiis theory. But although this suggestion was put forward by 
the writer (Broadbent 1957d) he feels somewhat dissatisfied with 
It. It is very implausible to suppose shifts of the filter between 
each item when the whole purpose of the latter is to pass items 
with common characteristic. Furthermore, the number of 
successive items which are completely identical is of course greater 
m bina^ numbers than in decimal ones, so that fewer shifts 
wou e required in the former case. It might be interesting 
to know 'vhether longer spans are possible when there are more 
runs of similar items and therefore, on this view, fewer filter 
sftuts. But for these reasons the explanation seems rather 
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failures of response. The same is true of other tasks which show 
marked decrements in many individuals: for instance Bakans 
or Fraser’s, The importance of repeated irrelevant stimuli was 
noted in Chapter 6; the reason for it is now rather more clear. 
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emphasizes the central rather than peripheral nature of the filter. 

When we come to the effects of noise and of prolonged work, 
there are several points to be considered. We interpreted the 
‘ blocks ’ and errors in continuous work, and the failures to 
detect infrequent signals, as due to a shift of the filter to a non-task 
source of information. The fact that the time taken for a double 
shift seems to be of the same order as a block confirms this 
interpretation ; both are roughly between 1—2 sec. 

In addition, however, the fact that a signal can produce response 
after a delay, even though some other information is being handled 
at the time of its arrival, means that we must modify our con- 
clusions about the effect of length of signal on decrement in 
vigilance tasks. We said that a signal lasting only 1 sec or less 
might occur during a block, and so produce no response. There 
was a fair amount of evidence to support this conclusion. But 
from our present point of view it should he possible for the signal 
to pro uce a^ delayed response without being missed altogether. 

eaction times do indeed increase in vigilance tasks under stress 
conditions Mackworth (1950) gives such times for the clock 
test both for simple prolonged work and for work in heat and 
nigh humidity. It is interesting to see that the distributions of 
reaction times cross over at rather over 1 sec: under stress con- 
1 ions responses slower than this become more frequent than 
responses are less frequent (Mack- 
e 1 mode of the distribution does not shift 

■ 1 . .f appears in less than a second it 
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nrnHnt'’ responses Were due to signals arriving during blocks 
producing a response after the conclusion of the block. 

JipVi th'/a o any misses at all occur? The answer may 

f interpolated 

■ftu'lPc pae single jumps. As we have seen in this chapter, 
if the^ sjstcm IS occupied on one channel and a relevant stimulus 
occurslon another channel the chance of recovering information 
about Jps Jnttli. stimulus from store decreases sharply with the 
present communnirrelevant sUmuli before and after it on the 
same .»;part of the » the details of the clock test situation 
minimnlthc information'ayed responses and emphasise complete 



SHIFTING OF ATTENTION 233 
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Lastly, when we come to Chapter 8, we can see that we now 
have reasonable evidence for the existence of a short term store 
like that postulated at the end of that chapter to account for various 
puzzling features of disinhibition. It may now be opportune 
to consider the effect of our general findings on theories of 
learning: in the first place, as applied to human rote learning.- 
Implications of these results for rote learning . — It has probably 
not escaped the reader that by supposing the S system to store 
items only for a limited time we have given some explanation of 
the fact that the first items through the P system are the most 
efficiently recalled. This can be seen most clearly when the 
person memorizing is acting in the way shown in Fig. 5. As both 
channels feed information into the S system simultaneously, the 
first channel to discharge into the P system is that which runs 
least risk of exceeding the time limit in the 5 system, and so 
failing to be recalled. 

The same explanation can be applied to each of the cases of 
simultaneous stimulation, cited earlier when we wished to establish 
that the first items through the P system were the best recalled. 
What, however, of the cases of successive stimulation, in which 
the first items through the P system were also the first to be 
presented and so do not gain any advantage over the later ones ? 
The serial order effect here will depend on relative rates of 
presentation and of passage through the P system. It may 
further be noted that passage through the P system may be at 
different speeds depending on whether or not response is required : 
if items are merely returning to the 5 system they may go through 
faster than if they are issuing in response. This possibility is 
reinforced by such facts as that silent readixcg i& faslet than, overt 
reading: Browi (1955) reports an experiment to show this, 
although it depends to some extent on the honesty of the subject’s 
introspection that all the items have been silently read. 

To avoid confusion we will give different names to the two 
possible rates of passage through the P system; the rate when 
the information is not appearing in response will be called ‘ re- 


hearsal ’ rate, and the rate when response is occurring will be 
calW * recall ’ rate. Those who dislike identifying our P system 
with chat responsible for consciously reported subvocal rehearsal 
will perhaps excuse us on this occasion. 
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We thus have three rates: presentation, rehearsal, and recall. 
Of these the middle one is probably the fastest; and if it is faster 
than recall, the earlier items in the sequence will, on eir na 
circulation, spend less time in the S system than t e ® « 
do. To see this, consider that the last rehearsal 
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passing List 1 to the output but to select List 2 for recirculation 
before List 1 bas all emerged. Thus the beginning of List 2 
and the end of List 1 suffer most. 

Another consequence of this point of view will be that slow 
presentation and fast recall will enhance the advantage of the 
beginning of the list, while the reverse conditions will give the 
advantage to the end of the list. The combination of slow 
presentation and slow recall will be worse all through than the 
combination of fast presentation and recall. All these predictions 
have been confirmed by Conrad (personal communication and 
1957). They apply, of course, only to speeds too fast to allow 
rehearsal during presentation or recall. 

One fact about serial order may appear to have been forgotten, 
namely, the change in the effect when a list presented in one 
order is recalled in the reverse order. This is readily handled: 
change in order can only be produced by the information entering 
the S system in one order (either from the sense-organs or from 
the P system) and being removed to the P system in a different 
order. A reversal in order will mean that the first items to enter 
the S system will stay there longer than the others, and longer 
than the mean if there had been no reversal. A change in order 
will therefore mean a drop in the efficiency of the first items as 
compared with the later ones, and a net decrease in span. As we 
have seen, these effects do occur. 

Serial order has been the subject of a number of previous 
theories, though it has usually been considered in more long-term 
rather than immediate memory. At the same time our views 
may be expected to apply to long-term learning, since we cannot 
expect information to enter the long-term store without passing 
through the P system. The factors we have indicated above 
should therefore appear in, say, rote learning experiments. The 
best theory of such experiments is that of Hull ei al. (3940): 
they draw the analogy beriveen trace conditioning and the attach- 
ment of each item in a list to the other items. The last item is 
not only an immediate response to the stimulus of the previous 
item, but also a trace response to the first item and to each of 
the offiers. ^Yjth each such trace there is associated an inhibi- 
tion: 2nd there are more traces in action when the list is halfw’ay 
throuchvhan at any other point, as may be seen by connecting up 
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each item to all the others graphically. Thus the greatest 
difficulty will be in the middle of the list. As inhibition dissipates 
with time, massed learning trials will show the effect more 
clearly than will trials separated by intervals. For the same 
reason, performance may actually improve for a few minutes 
before the normal ‘ forgetting ’ decline sets in, after partial 
learning by massed trials. This improvement is known as 
‘ reminiscence ’ ; it should be greatest in the middle of the 
list as the inhibition is greatest there. As we shall see, the 
effect does occur but is rather dependent on the conditions of 
the experiment. 

The advantages of this theory are several. In the first place, 
its manner of presentation is usually acclaimed. In the later form 
(Hull et al. 1940) it is highly quantitative and may therefore be 
regarded as automatically superior to our own view, which is 
restricted to predictions of the type 'X will do better than Y 
But the quantitative character is largely spurious : it depends on 
the appropriate choice of constants in the equations, and constants 
determined for the learning of lists of one length do not hold for 
the learning of lists of another length. The true merit of the 
theory appears rather in its early non-quantitative form (Hull 
1985). It there makes precise non-quantitative predictions for a 
number of different situations which have been indicated in the 
last paragraph. These predictions were experimentally testable, 
and the paper exercised a very valuable influence. IVe shall see 
in Chapter 12 why the qualitative rather than the quantitative 
form is to be regarded as the superior from the point of view of 
scientific method. 

There are certain difficulties in the Hullian view, despite its 
harmonization of much data. It allows insufficient play for the 
role of previous instructions, which as ^ve saw in the experiment 
of Kay and Poulton (1951), may greatly alter serial order effects. 

In that experiment the possibility that recall might have to be in 
a different order changed the relative difficulty of the last items. 
Other workers (e.g. Krueger 1932) have shown that instructions 
to the learner to concentrate on particular parts of the list produce 
corresponding changes in the errors in different parts. A number 
of the other facts cited in this chapter on the effect of reversing 
order in recall, of varying presentation and recall rates, and of 
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presenting stimuli simultaneously, are similarly outside the scope 
of HulUan theory. 

The question of presentation rate is a particularly intriguing 
one. All the effects of massing and spacing, reminiscence, and 
serial order, apply chiefly to nonsense syllables learned at a rate 
of one syllable every 2 sec. If the rate is slowed to one syllable 
every 4 sec, the effects largely disappear. It may be added that 
reminiscence is somewhat elusive even at the 2 sec rate ; it seems 
to be more likely if the subject is required to correct errors he 
may have made in anticipating the n«tt syllabic to appear, by 
reading out the syllable which actually occurred. The opposite 
instructions may produce difficulty in showing reminiscence 
(Buxton and Bakan 1949), 

Finally, the effect of massing as opposed to spacing trials is 
attributed by the Hullian theory to inhibition, which dissipates 
with time to produce reminiscence. But if this were so the 
effect of massing should disappear as longer and longer intervals 
are allowed before recall. In general this is not truer spacing 
trials produces benefits on retention as well as on rate of learning. 
Underwood (1952, 1958) has admittedly produced evidence more 
in conformity with Hullian theory, but his results are exceptional. 
As he has indicated (Under^vood and Richardson 1965) the effect 
of massing which persists into retention seems to be due to 
generalization from other lists. That is, if subjects have learned 
many other lists, they tend after massed practice on a fresh list 
to make mistakes in retention tests. If they have learned few 
other lists, spacing does not show an advantage in retention 
although it does do so in rate of original learning. Most experi- 
ments have been done with subjects who had learned a number 
of lists, and so the conclusion that spacing favours retention was 
widely accepted. Hullian theory, however, provided no prior 
explanation of the necessity for a particular kind of experience in 
the demonstration of effects of spacing. It can perhaps provide a 
post hoc explanation by arguing that a massed list learning situa- 
tion is very similar to other massed learning situations and there- 
fore responses appropriate to those other situations appear and 
interfere with the correct ones. 

There thus seem to be certain difficulties in the Hullian account, 
despite its merits. Our omi views naturally deal with the facts 
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cited in this chapter, since they were designed to do so. We 
must now see if they will suggest any explanation for the other 
difficulties of the trace conditioning theory. 

Anybody who has acted as a subject for a rote-learning experi- 
ment will agree that it is a highly monotonous situation requiring 
continuous reception of information from one source, the window 
of the memory drum. This is a description which would also 
apply to vigilance tasks, and indeed there seems no reason why 
the results of experiments on prolonged perception should not 
apply to rote learning. No doubt other factors will be acting in 
addition, but the information must pass the P system if it is to 
enter the permanent store. Now we said in the case of vigilance 
tasks that the decrement with time took the form of interruptions 
in the intake of information. They become increasingly frequent, 
although performance in between them may be unaffected. The 
interval between successive responses when such a ‘ block ’ occurs 
in continuous work is between 1-2 sec, so that the interruption 
in the intake of information is presumably of the order of 1 sec. 
In the rote-learning situation each Item appears for a limited 
time, during which the subject has to observe and say it and then 
to attempt to say the next item before the latter appears. A block 
of 1 sec will leave little time for these two operations and is likely 
to cause one or both of them to remain undone. The time 
available will be even less if incorrect anticipations have to be 
put right. It will be noted that a decrement of this sort applies 
both to learning and to performance: if the syllables have never 
passed the filter they will not be learned and retention will be 
inferior. This situation is more likely to occur in massed learning 
than in spaced learning. So also, after partial learning, some of 
the syllables, whose connexion with their adjacent syllables has 
been learned, wall not pass the filter and there will be a reduction 
in the number of correct anticipations. This will only be true 
after a long series of runs through the list on the memor>’ drum 
without a pause to allow the filter to select other information; a 
brief rest will eliminate * blocks ’ and so allow better performance 
— the reminiscence effect. 

As the decrement is one produced by short blocks rather than 
an even decline in performance, a 4 sec presentation rale will 
allow ample time even when a block occurs and so will not show 
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these various effects. It is interesting to notice that, from our 
previous argument in Chapter C, unpaced learning should produce 
the same result as the 4 sec rate, even if the average rate of work 
is faster than one item every 4 sec. Husband (1929) does report 
absence of massing and spacing effects in unpaced learning of a 
finger maze. 

An advantage of this type of interpretation is that it explains 
the sensitivity of the various phenomena, such as reminiscence, to 
changes in conditions. A 2 sec presentation rate should, in view 
of the 1 sec length of interruptions in information intake, be only 
just fast enough to show the effects. A faster rate, or increasing 
the time demanded by the task by such instructions as * spell out 
the syllables ’ will make the effects more likely to appear. 

We thus have some success in applying our views to the facts 
traditionally explained by the Hullian trace-conditioning 
hypothesis. Two cautions should be given. First, our postulated 
recurrent circuit system seems to be necessary to explain im- 
mediate memory. But experiments are rare in which any account 
is taken of the possibility of a short-term and a separate long-term 
store operating on different principles. As a result we cannot say 
whether the long-term store has any properties of its own con- 
tributing to the results explained by traditional rote learning 
theory. Properties of the immediate memory system need to be 
excluded before we can say what the long-term system is like, 
and they have not been. So we must not assume too confidently 
that the properties of the short-term system will account for all 
the phenomena of massing and spacing, serial order, reminiscence 
and so on. More experiments are needed. But there are already 
a number of minor findings in the literature which are of great 
significance once we recognize the distinction between two 
varieties of storage. For example, on our view material rote 
learned to a criterion of a few correct repetitions is partly in the 
long-term and partly in the short-term store. The latter is 
sensitive to ill treatment : it will be lost rapidly with interpolated 
activity and therefore with time, but it can be restored by a few 
fresh presentations of the material. In fact it is often noted in 
retroactive inhibition experiments that the effect of an inter- 
polated activity is not to return the originally learned material to 
an earlier-^ '>f learning; retroactive inhibition is greater when 
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measured on the first few trials after the interpolated activity than 
when there has been an opportunity to bring back some items into 
short-term storage (Melton and Irwin 1940; Melton and von 
Lackum 1941). 

So-called ‘ overlearning in which the material is presented 
again and again after apparent mastery has been achieved, will 
transfer more and more information into the permanent store. 
Overlearning does in fact change the forgetting cuiv’e, the effects 
of retroactive inhibition, and it decreases the signs of ‘ remote 
associations This last finding means that if a list is learned to 
criterion, the learner will show an advantage on a new list made 
up of the same items in a different order. If the old list is over- 
learned, there is little saving on a list in derived order (see Wood- 
worth 1938, p. 80). 

Another difference ivhich needs examination is that between 
sensory material and sequences of movements. The latter are 
possibly less appropriate to a recurrent circuit mechanism: at 
least there are less conscious reports of rehearsal in bodily skills, 
than in learning involving sequences of stimuli. Phenomena 
which depend on the storing of part of the information in the short- 
term store should therefore be less marked in bodily skills: that 
is, forgetting should be slower, and retroactive inhibition Jess. 
In general, such skills should behave like overleamed material. 
They should, however, show some effects of massing and spacing, 
and reminiscence, because those effects are due to failure of the 
filter to select information for action and so will appear even if 
recirculation is not used with the particular material. And of 
course there is probably no skill so completely motor that no 
sensory learning is involved in it; the differences will only be of 
degree. The differences and resemblances between bodily skills 
and verbal material do seem to support this interpretation 
(Woodworth 1938, p. 152). All these points need to be 
examined with the possibility of two different mechanisms in 
mind. 

The second caution is that this interpretation is not so much in 
opposition to the Hullian view as a development of the latter. In 
Hull’s early non-quantitative papers he did point out genuine and 
surprising similarities between conditioning and rote learning, 
and the writer supports these similarities. He would hold that 
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the phenomena of trace conditioning arc due to the same 
mechanism as those of immediate memory: the behaviour of a 
dog given a stimulus for a trace response is very similar to that 
of a man given a telephone number for immediate reproduction. 
Dog or man must ignore any other stimuli which arrive before 
response occurs, or else they will fail to make the response. As a 
compromise the man may make a note of the number if he is 
interrupted before he can dial it; the dog may salivate when 
given a stimulus which is dtsinhibiting but not intense enough 
to be externally inhibiting. Thus there is a continuity between 
the present view and the HulHan one: the writer would regard 
the development as the necessary step from observing similarities 
in behaviour to considering the psychological mechanisms 
responsible for the similarities. The quantitative development 
of behavioural measures before the mechanism is understood is a 
false step: it tends to be autistic, much of the quantification 
in HuUian views being quite unrelated to any experiment, 
and it has therefore been rejected by the present writer: 
but the behavioural facts classed together are very similar in 
the Hullian view and in this one. We are trying to develop rather 
than refute. 


CONCLUSIONS 

In summary then, we have considered a good deal of evidence 
which supports a view of an immediate memory mechanism 
distinct from that used for long-term memory. The conception 
is that information is held in a short-term store with a very 
limited time span. From this store it may be passed selectively 
by a filter through some mechanism of limited capacity from 
which it is returned to store; this furnishes a method of in- 
definitely long storage as long as no response to other stimuli is 
required. The various findings cited show that this mechanism 
clears up certain details of the results mentioned in previous 
chapters : the filter is still a necessary postulate, but its operation 
is not quite as simple as it was earlier assumed to be. And the 
implications of the principle that * only information which passes 
the filter can be stored for long periods ’ seem capable of explain- 
ing a surprising number of findings usually dealt with by learning 
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theory, and some which arc an embarrassment to traditional 
theories. The time has now come to return to the animal case 
for the last time, and to consider how far our filter system can 
clear up difficulties in that field. 



CHAPTER 10 


THE SELECTIVE NATURE OF LEARNING 

As was said in Chapter 1, the problem of learning is to a great 
extent that of explaining why only some things are learned. 
Early simple views of conditioning held that repeated association 
of any two stimuli one after the other would cause the response 
to the second to become attached to the first. This was, of 
course, taking conditioning as a self-sufficient principle rather 
than a useful situation in which to study more analytic postulates 
about behaviour. But it is related to more sophisticated ap- 
proaches, such as Uttley’s postulation of storage of conditional 
probabilities of any event given any other. The early views 
became unsatisfactory when detailed study of behaviour showed 
that the response finally appearing in any situation was not 
necessarily the most frequently or the most recently associated 
with the stimulus: rather it was a biologically useful one, the 
response which secured some end useful to the animal. Such 
a conception is vague and never obtained currency in that form: 
but a more satisfactory version of it appeared in the reinforcement 
postulate, that there were certain kinds of treatment (for an 
animal in a given bodily state) which when given immediately 
after a stimulus-response combination would make that combina- 
tion more probable in the future. Here was a reason why 
responses of turning into blind-alleys in mazes were eliminated 
and responses of turning towards food-boxes were established. 
A reasonable amount of selection by the learning process was thus 
explained. 

Although broadly successful the reinforcement postulate fits 
a little uneasily at the edges. There are certain instances in which 
some degree of learning seems to take place without reinforce- 
ment. For example, there is sensory pre-conditioning, in which 
two stimuli are repeatedly presented in association, and one 
of them afterwards made a stimulus for a conditioned response. 
The other stimulus is then unduly likely to produce the same 
response (Brogden 1939). Another instance is latent learning, 
244 
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in which an animal is allowed to run a maze witliout reward; 
after a reward is introduced the performance at maze running 
improves extremely rapidly, showing that some learning has 
taken place during the unrewarded training. A third difficulty 
is partial reinforcement: if in an instrumental conditioning 
situation the reinforcement is given only after every tenth response 
rather than cverj’ time, the response may be harder to establish 
but is also harder to extinguish. Yet, as the response has been 
followed by reinforcement less often, it should on a simple inter- 
pretation of the reinforcement postulate be less well established. 
These are classic objections to the reinforcement postulate: more 
recently there have been experiments on the exploration of their 
surroundings by rats, some of which have been mentioned pre- 
viously (Berlyne 1950; Montgomery 1952), and which suggest 
that much activity takes place without the reinforcement normally 
considered necessary. 

These objections can be answered by complicating simple 
reinforcement theory: there is a possible appeal to secondary 
reinforcement, a principle according to which a stimulus previously 
associated with a reinforcement is itself reinforcing. This would 
explain sensoiy preconditioning, provided that we suppose some 
general secondary reinforcing power for the second stimulus. 
Some explanation can be given for latent learning: provided 
that a distinction is introduced between the building up of habit 
strength and the performance of response. It might, for instance, 
be argued that the former is a linear function of drive and the 
latter a multiplicative function, so that introduction of reward 
improves performance relative to habit strength (Hull 1952). 
Partial reinforcement again can be explained by linkage of the 
responses into sequences, each sequence receiving a primary 
reinforcement. Such explanations have the disadvantage of 
blurring the value of the reinforeement principle. When 
secondary reinforcement is of such importance, why is not every- 
thing learned ? Why does not the rat in a maze learn to enter 
blind alleys, since he only meets them during trials that end in 
reward and so should have be^ secondarily reinforced ? Why are 
not a host of minor responses built up in strength because they 
happen to occur before stimuli that have acquired secondary 
reward characteristics ? The explanation must lie in the differen- 
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tial Strength of primary and secondary reinforcement, the latter 
becoming weaker as it becomes more indirect. Possibly^ a 
quantitative theory capable of accounting both for partial rein- 
forcement at very low ratios and also for the elimination of blind 
alleys in mazes could be constructed. But the writer is sceptical 
of its chances ; partial reinforcement needs a very slight attenua- 
tion of reinforcement as it becomes more secondary, while 
eliminating blinds needs a sharp attenuation. 

The suggestion that novel stimuli are themselves reinfoicers 
(Berlyne 1950) is another possibility accounting for some of these 
results, but it meets the same difficulties as secondary reinforce- 
ment. For example, the sharp improvement in latent learning 
performance when reward is introduced needs rather specific 
assumptions about the relation between learning and performance 
and such assumptions could only be validated by very detailed 
experimental e\^dence from other situations than the latent 
learning one. In default of such evidence, explaining the latent 
learning results in that way becomes ad hoc postulation. 

Criticism of this type cannot be pushed too far. In the present 
book we have repeatedly argued from experiments to theoretical 
generalizations, and in each field studied we have met difficulties 
which do not fit the generalization. For the most part these 
difficulties have been met only by showing that they are not 
crucial, and that there are various possible explanations for them. 
Further information would allow us to decide which explanation 
was true; but if any theory is to be stated in an advancing science 
it must contain frontiers at which detailed advance is still to be 
made. The answers of reinforcement theorists to their critics 
are of this same kind: they show that the objections are not 
crucial and that various extra postulates might account for the 
facts. So long as reinforcement theory remains a sound 
organizing framework which gives meaning to the field as a whole, 
they do not feel justified in dropping it without alternative. 

The selective nature of learning could also be explained by 
postulating a selective operation on the information entering the 
nervous system; in fact, by supposing a filter like the one we have 
been considering. Let us first consider evidence from classical 
conditioning experiments to show that such a filter does appear in 
learning. 
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Stimulus Dynamisms 

To avoid needless disagreement, it should be said at once that 
the next section will be perfectly innocuous to many reinforcement 
theorists. The HuUian system allows, for example, that intense 
stimuli are more likely to produce response. This property is 
known as stimulus intensity dynamism. By saying that intensity 
confers priority in a competition to pass through a filter at the 
entrance to the nervous system, we are merely adding to the 
Hullian statement about behaviour, a statement about the 
mechanism responsible for behaviour. Reinforcement theorists 
may regard this addition as speculative, since they sometimes 
accept uncritically the view that statements about internal 
processes are operationally untestable. But at least the addition 
is not in conflict with reinforcement. Nor is there any reason 
why other stimulus properties should not be scaled in a fashion 
similar to intensity; in fact as soon as stimuli affecting different 
sense-organs are involved, one must apply some weighting factor 
in computing the intensity dynamism to be assigned to each. 
One might argue, for instance, that pain stimuli possess a high 
degree of such dynamism ; it is often reported with some surprise 
(e.g. Pavlov 1927, p. 80) that such stimuli make very effective 
conditioned stimuli despite the interfering reactions which they 
originally arouse. 

The postulate of afferent stimulus interaction, which we also 
discussed in Chapter 1, provides a niche in the Hullian system for 
the effects of presenting two stimuli at once ; the latter situation 
is of course one which filter theory would regard as important, 
because the filter might discard the information conveyed by one 
stimulus although it would not have done so had the stimulus 
been unaccompanied by another. One example of this W’as 
given in Chapter 1. To take another (Pavlov 1927, p. 142), if 
we present a tone plus a light stimulus to a dog and follow the 
combination by food, we soon establish salivation as a conditioned 
response to the pair of stimuli. The light stimulus alone, how- 
ever, is completely ineffective in eliciting the response. As we 
would now put it, the tone has higher priority and so in simul- 
taneous presentation the light information never passes the filter. 
Consequently it never becomes a conditioned stimulus, in this 
type of experiment. Pavlov relates this fact to the 
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stimulus intensity and, on the previously cited page, remarks that 
presenting two equally intense sounds establishes responses to 
botli sounds when presented singly. If one sound is presented 
at a much lower intensity than the other, however, it is over- 
shadowed by the other just as the light is overshadowed by the 
sound. It is unfortunate that sounds were used, as one would 
mask the other under some circumstances and Pavlov’s account 
is not sufficiently detailed to exclude this possibility. But 
another experiment (Pavlov 1927, p. 270) showed that over- 
shadowing of a light by a sound did not apply when the sound 
was faint. Nor was a touch overshadowed by a weak sound, 
although with stronger sounds this was normally the case. 

Overshadowing shows certain features which act as a control 
against it being a purely sensory phenomenon. For instance, a 
response can be attached to either stimulus if they are presented 
singly rather than simultaneously. Even the overshadowed one 
must therefore be capable of affecting the sense-organs. Further- 
more, when the combination of stimuli was reinforced repeatedly 
after the establishment of responses to each component separately, 
the ‘ weaker stimulus ’ (to use Pavlov’s phrase) did not become 
overshadowed. As we would put it, once the filter has selected 
information of a certain type and the high probability of reward 
following events of that type has been established, that type of 
information keeps a high priority. It is also possible to extinguish 
response to the stronger stimulus while leaving the combination 
unaffected, by differential reinforcement. Pavlov does not seem 
to report the effect of this treatment on the weaker stimulus: it 
might possibly cease to be overshadowed on the present view, 
though the point is not crucial. 

These results do seem to require slight modifications to the 
orthodox stimulus interacdon and dynamism postulates : the two 
should be inter-related, dynamism affecting the outcome of inter- 
action. Interaction should also be regarded as affected by the 
establishment of a response to one of the two stimuli, but this 
probably needs no fresh postulate. The response can be regarded 
as giving rise to a third stimulus which changes the interaction. 
With these slight modifications there is no difficulty in accommo- 
dating the results given so far within the framework of HuIIian 
theory. 
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Another finding of interest to us is a repeated finding by Lashley 
(e.g. 1938) in his experiments on generalization. The latter is 
the tendency, after a stimuJus has been attached to a response, 
for other stimuli differing in certain respects to produce the same 
response. Lashley found that if a stimulus possessed various 
features, generalization was much greater when some of them 
were changed, than when others were. As we would put it, 
some of the information conveyed by an event passes the filter 
but some of it does not. Only that which does do so becomes 
essential to the conditioned stimulus, and so events can differ 
from the original in respects which were rejected by the filter 
during conditioning, and still elicit response. It appears that an 
interpretation of this finding as due to ‘ afferent stimulus inter- 
action ' is acceptable to Hullians (e.g. Blum and Blum 1949, p. 48). 

The most dubious, for a reinforcement theorist, of the facts to 
be mentioned here are those concerning the continuity of learning. 
This is a topic which has been dealt with elsewhere (Broadbent 
1059) and will be handled in less detail here. It is, as we said in 
Chapter 7, an agreed fact that rats in mazes will react syste- 
matically to some incorrect stimulus for a series of trials before 
reaching correct performance. During such systematic responses 
the correct stimulus-response combination occurs and is followed 
by reinforcement on a proportion of the trials, half if a two-choice 
maze is used. Does this reinforcement affect the probability of 
future correct response, or is it irrelevant as long as the animal 
is reacting on the ‘ hypothesis ’ that some other stimulus is 
correct ? We might expect the latter, if we think of the filter as 
discarding information other than that which is controlling 
response. As a matter of parsimony, however, most Hullians 
and to some extent S— R theorists of other persuasions have con- 
tended that the probability of the correct response is unaffected 
by the systematic responses to some other stimulus: in pre- 
dicting response at any stage of learning we should take account 
of the number of reinforcements given to the particular response 
throughout the experiment and not only those since the correct 
hypothesis was adopted. 

The issue is tested by, for example, experiments in which the 
positive and negative stimuli are interchanged before the animal 
reaches correct performance. If it is responding, say, to light 
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rather than dark alleys, the first few remforcemcnts may be given 
whenever the animal happens to turn left rather than right in its 
response to light alleys. Then in later trials, still before the 
correct solution has been found, the reinforcement is given for 
right turns rather than left ones. If the animal is ignoring 
the distinction between right and left as long as it is responding to 
light as opposed to dark, then this reversed pre-training technique 
should show no slower learning than a more usual procedure in 
which right turns are reinforced throughout. Some workers say 
that this is so, but others deny it. 

From our point of view we would say that the need for filtering 
only exists in so far as a large amount of information is presented 
to the organism: if there is only a little reaching the senses it 
may all pass the filter even though not all of it is joeing used to 
control response. Consequently reversed pre-training might 
well slow learning when an animal faces a choice between two 
alleys distinguished in very few ways. If there are a large number 
of alternative ‘ hypotheses *, it is impossible for the information 
about all of them to enter the animal and so filtering will occur: 
reversed pre-training will then show less effect than in a simpler 
situation, possibly none at all. An experiment which suits this 
interpretation is that of Lawrence and Mason (1955). They 
trained rats to make a choice, then reversed the positive and 
negative stimuli and trained again, then reversed again and so on. 
The rate of reversal was faster when the alleys of the maze were 
distinguished in only two ways, than when a third dimension was 
added and varied independently of the correct stimulus. That is, 
if the animal was learning to distinguish black from white alleys, 
the addition of high hurdles in the entrance to some alleys and low 
hurdles in the entrance to others slowed the learning. (The 
hurdles were of course irrelevant to the correctness of the alley.) 
Furthermore, systematic runs of responses to one stimulus 
dimension (‘ hypothesis behaviour ’) were less common when 
there were fewer differences between alleys. This is just what we 
would expect if filtering only becomes important as the amount 
of presented information increases. 

Experiments showing no effect from reversed pre-training do 
normally employ alleys differing in several ways, and also use 
rather difficult discriminations (Blum and Blum 1949). The 
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latter is to some extent equivalent to presenting much information, 
as we noted in Chapter 4; dosely similar stimuli take longer to 
produce reactions, and interfere more with other tasks, just as 
stimuli of high information content do. Moreover, decreasing 
the magnitude of differences in one dimension may well lower 
the priority of that dimension for passing the filter, just as de- 
creasing the magnitude of an isolated stimulus does. It is thus 
very plausible on a filter theory that reversed pre-training should 
sometimes show an effect but on other occasions cease to do so. 
No other view seems to give an adequate account of the different 
results of different experiments: Blum and Blum (3949) make an 
attempt to do so, but it does not seem altogether satisfactory 
(Broadbent 1959). Ehrenfreund (1948) showed that placement of 
the correct stimuli relative to the animal’s senses may affect the 
appearance of continuity learning, reversed pre-training only 
having an effect if the stimuli were in a prominent position. This 
is sometimes referred to as supporting continuity theory, but it 
merely illustrates that some stimuli are more likely to pass the 
filter than others. 

Thus there is a fair amount of evidence for the operation of a 
filter in animal learning; the phenomena which it produces are 
recognized in the Hullian system by the postulates of stimulus 
dynamism and interaction, and an account of them merely 
expands that system without contradicting it. One may regret 
that animal psychologists have been so little interested in amplify- 
ing these postulates and have largely confined themselves to 
instrumental rather than classical conditioning. Pavlov’s data 
are not by modem standards adequate, and it should be possible 
to shed much light on perception by studying the stimuli which 
are most likely to overshadow others, the effect of small time 
intervals bet%veen stimuli, and so on. All this may well be 
admitted by reinforcement theorists without compromising their 
own position. 

Filter Theory as a Substitute for Reinforcement 

Since there is likely to be a filter selecting the stimuli which are 
and are not used for learning, can the reinforcement postulate be 
dropped for the sake of parsimony? We said that intense or 
novel stimuli are likely to pass the filter and that some kinds of 

17 
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stimuli (such as high frequency sounds in man) also possess a 
high priority. It is difficult to avoid supposing that an animal 
in a ‘ drive ’ state, e.g. one of food deprivation, has a temporap^ 
modification of the filter, such that reinforcing stimuli (food, in 
the example) are particularly likely to pass the filter. If now we 
suppose that some mechanism within the organism stores the 
conditional probabilities of all events about which information 
passes the filter, it is clear that the repeated association of two 
intense stimuli is likely to be stored. So also it is likely that all 
conditional probabilities involving ‘ reinforcing ’ stimuli will 
stand a good chance of being stored. If X is always followed by 
Z in the outside world, the stored conditional probability of Z 
when X has occurred will depend on the number of occasions on 
which Z has passed the filter when X has done so. A high priority 
for Z will mean that whenever X passes the filter Z will also be 
likely to do so if it occurs, and therefore the stored probability of 
Z given X will be high. This is true even if X has rather a low 
probability, since when X is rejected by the filter on one of its 
occurrences that does not affect the stored probabilities of all 
other events given X. But if the priority of Z is low, the frequent 
occurrence of X and Z in close proximity in the outside world 
will not necessarily result In a high stored probability of Z given 
X ; for if X passes the filter on one of its occurrences Z may well 
fail to do so, and the relationship will therefore not be stored. 

Thus it follows that the events associated with reinforcers will 
be learned, and those which are followed by events of lower 
priority will not be learned. In the main, this will give behaviour 
similar to that to be expected on reinforcement theory; present- 
ing reinforcement will greatly facilitate learning. But there will 
be exceptions, since events which succeed in passing the filter 
will be stored even though they are not reinforcers. Thus the 
probability of an end-box stimulus following a right turn in a 
maze and an alley-wall stimulus following a left turn will be 
stored after exploration of the maze ; introduction of reward will 
then improve performance considerably. Presenting two stimuli 
in sequence may give the second a high probability following the 
first, so that attachment of the second to a conditioned response 
will cause that response to appear to the first stimulus. In this 
case, however, care must be taken to avoid rejection of either 
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stimulus by the filter. They must be reasonably intense and 
novel events: the repeated presentation alone may be sufficient 
to cause rejection of the events by the filter. Sensory pre- 
conditioning will therefore be rather difficult to establish, as indeed 
it is (Reid 1952). 

Partial reinforcement affords no difficulty; response may be 
supposed simply to keep step with the instantaneous probability 
of reinforcement following response. As some responses are 
closely followed by reinforcement, information on them and on 
the reinforcement will pass the filter and the corresponding con- 
ditional probability be stored- A low ratio of reinforcement will 
naturally raise the conditional probability slowly, and so cause 
slow conditioning: if reinforcement is given at set infrequent 
time intervals the response rate will be slow. If on the other 
hand the reinforcement is given after a certain number of responses 
the rate will be high in order to achieve the situation in which 
reinforcement is highly probable- (A more careful account of 
the relation between probability of reinforcement and response 
rate will be given later.) Corresponding to the slow acquisition 
of response the rate of extinction will be low, since omissions of 
reinforcement will have little effect on conditional probability in 
a case where the numbers of responses concerned are much 
greater than they are in high ratios of reinforcement. To take 
a hypothetical example, after ten reinforced responses the proba- 
bility of reinforcement following response is unity. After ten 
responses followed by reinforcement interspersed among ninety 
unreinforced responses, the probability of reinforcement following 
response is one-tenth. In the first case nvo unreinforced responses 
lower the probability to five-sixths, a fall of a sixth. In the second 
case, twenty unreinforced responses lower the probability from 
one-tenth to one-twelfth, a fall of a sbrtieth. As changes in the 
conditional probability are slower, then, following partial rein- 
forcement, extinction is naturally more difficult. The low rate 
of responding immediately following each reinforcement also fits 
this interpretation well, while being contrary to a simple view of 
reinforcement theory : essentially however the statement that the 
rate of responding drops at that time because the probability of 
reinforcement is then low, is the same as the statement that 
response is attached to the stimuli produced by many unrein- 
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stimuli (such as high frequency sounds in man) also posses a 
high priority. It is difficult to avoid supposing that an animal 
in a ‘ drive ’ state, e.g. one of food deprivation, has a temporary 
modification of the filter, such that reinforcing stimuli (food, in 
the example) are particularly likely to pass the filter. If now we 
suppose that some mechanism within the organism stores the 
conditional probabilities of all events about which information 
passes the filter, it is clear that the repeated association of two 
intense stimuli is likely to be stored. So also it is likely that all 
conditional probabilities involving ‘ reinforcing ’ stimuli will 
stand a good chance of being stored. If X is always followed by 
Z in the outside world, the stored conditional probability of Z 
when X has occurred will depend on the number of occasions on 
which ^ has passed the filter when A^has done so. A high priority 
for Z will mean that whenever X passes the filter Z will also be 
likely to do so if it occurs, and therefore the stored probability of 
Z given X will be high. This is true even if X has rather a low 
probability, since when X is rejected by the filter on one of its 
occurrences that does not affect the stored probabilities of all 
other events given X. But if the priority of Z is low, the frequent 
occurrence of X and Z in close proximity in the outside world 
will not necessarily result in a high stored probability of Z given 
A; for if A passes the filter on one of its occurrences Z may well 
fail to do so, and the relationship will therefore not be stored. 

Thus it follows that the events associated with reinforcers will 
be learned, and those which are followed by events of lower 
priority will not be learned. In the main, this will give behaviour 
similar to that to be expected on reinforcement theory; present- 
ing reinforcement will greatly facilitate learning. But there will 
be exceptions, since events which succeed in passing the filter 
will be stored even though they are not reinforcers. Thus the 
probability of an end-box stimulus following a right turn in a 
maze and an alley-wall stimulus following a left turn will be 
stored after exploration of the maze; introduction of reward will 
then improve performance considerably. Presenting two stimuli 
in sequence may give the second a high probability following the 
first, so that attachment of the second to a conditioned response 
will cause that response to appear to the first stimulus. In this 
case, however, care must be taken to avoid rejection of either 
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stimulus by the filter. They must be reasonably intense and 
novel events: the repeated presentation alone may be sufficient 
to cause rejection of the events by the filter. Sensory pre- 
conditioning will therefore he rather difficult to establish, as indeed 
it is (Reid 1952). 

Partial reinforcement affords no difficulty: response may be 
supposed simply to keep step with the instantaneous probability 
of reinforcement following response. As some responses are 
closely followed by reinforcement, information on them and on 
the reinforcement will pass the filter and the corresponding con- 
ditional probability be stored. A low ratio of reinforcement will 
naturally raise the conditional probability slowly, and so cause 
slow conditioning: if reinforcement is given at set infrequent 
time intervals the response rate will be slow. If on the other 
hand the reinforcement is given after a certain number of responses 
the rate will be high in order to achieve the situation in which 
reinforcement is highly probable. (A more careful account of 
the relation between probability of reinforcement and response 
rate will be given later.) Corresponding to the slow acquisition 
of response the rate of extinction will be low, since omissions of 
reinforcement will have little effect on conditional probabUity in 
a case where the numbers of responses concerned inuch 
greater than they are in high ratios of 7° “t! 
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stimuli (such as high frequcmy sounds in man) also possess a 
high priority. It is difficult to avoid supposing that an animal 
in a ‘ drive ’ state, e.g. one of food deprivation, has a temporary 
modification of the filter, such that reinforcing stimuli (food, in 
the example) are particularly likely to pass the filter. If now we 
suppose that some mechanism within the organism stores the 
conditional probabilities of all events about which information 
passes the filter, it is clear that the repeated association of two 
intense stimuli is likely to be stored. So also it is likely that all 
conditional probabilities involving ‘ reinforcing ' stimuli will 
stand a good chance of being stored. If X is always followed by 
Z in the outside world, the stored conditional probability of Z 
when X has occurred will depend on the number of occasions on 
which Z has passed the filter when X has done so. A high priority 
for Z will mean that whenever X passes the filter Z will also be 
likely to do so if it occurs, and therefore the stored probability of 
Z given X will be high. This is true even if X has rather a low 
probability, since when X is rejected by the filter on one of its 
occurrences that does not affect the stored probabilities of all 
other events given X. But if the priority of Z is low, the frequent 
occurrence of X and 2 in dose projdmity in the outside world 
will not necessarily result in a high stored probability of Z given 
X\ for if X passes the filter on one of its occurrences Z may well 
fail to do so, and the relationship will therefore not be stored. 

Thus it follows that the events associated with reinforcers will 
be learned, and those which are followed by events of lower 
priority will not be learned. In the main, this will give behaviour 
similar to that to be expected on reinforcement theory ; present- 
ing reinforcement will greatly facilitate learning. But there will 
be exceptions, since events which succeed in passing the filter 
will be stored even though they are not reinforcers. Thus the 
probability of an end-box stimulus following a right turn in a 
maae and an alley-wall stimulus following a left turn will be 
stored after exploration of the maze; introduction of reward will 
then, improve performance considerably. Presenting two stimuli 
in sequence may give the second a high probability following the 
first, so that attachment of the second to a conditioned response 
will cause that response to appear to the first stimulus. In this 
case, however, care must be taken to avoid rejection of either 
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at all by animals under strong drives; even though this has had 
to be modified, it still seems to be easier to show the effeet with 
■weak drives. (Much of the literature, at least up to the date of 
the review, is given by Thistlethwaite 1951 ; Kendler 1952, and 
Thistlethwaitc 1952 should also be read with this reference.) 

Other factors which hinder the appearance of latent learning 
in T-mazes are those of asymmetry. If the animals have strong 
position habits, regularly turning right or left, it is difficult to 
make them show latent learning. So also is it difficult w'hen the 
reward used in the preliminary training is placed on one side only 
of the T-maze, rather than both. And some experiments using 
black and white alleys have failed to show latent learning: which 
may have been owing to the marked preference of rats for black 
alleys. All these relationships harmonize with filter theory: 
if other information has a high priority for passing the filter, the 
information about the reinforccr which will be required m the 
crucial runs has a lower probability of entering the store. Syste- 
matic responses thus suggest that latent learning mil be slight. 
Equally it is important not only that the animal should 6"“^ “ 
particular alley but that the corresponding information should 
pass the filter: thus, forcing the rat into particular alleys by 
mechanical means seems to produce less learning than allowing 
the animal to make its own choices, which ensures that informs- 
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forced responses, such stimuli having always been present when 
reinforcement was given. Orthodox S-R theory can thus explain 
partial reinforcement; but the advantage of filter theory is that 
it can explain partial reinforcement without losing sight of the 
fact that in most everyday cases response strength does vary with 
the amount of reinforcement. Reinforcement theory requires 
the persistence of stimuli due to past responses in this case ; yet 
if such persistence were to occur in situations other than the 
partial reinforcement one, all responses would be established 
primarily to the traces of previous unreinforced ones and so 
would occur most readily following a sequence of ‘ useless ’ 
actions. This does not seem to happen. Filter theory provides 
an explanation of the difference between the partial reinforcement 
situation and others; by emphasizing the similarity of the 
response which is ultimately reinforced and those which must be 
counted to assess the probability of reinforcement. As bar- 
pressing is the response which is reinforced, the filter passes 
information about the occurrence of bar-presses even when they 
are not reinforced; the performance of a long sequence of 
different responses followed by one reinforcement at the end of the 
sequence would be more difficult to establish than the sequence 
of similar responses used in the Skinner box. However, some 
similar explanation can probably be translated into the language of 
reinforcement theory. 

Various features of latent learning are explicable on the view 
we have been putting forward. For instance, if the drive state of 
an animal is increased, the filter will presumably reject stimuli 
irrelevant to that drive even more firmly. Information about 
water may have a reasonable priority for a rat satiated for all 
drives, and so pass the filter if the animal is given enough explora- 
tion time. But a hungry rat will have a higher priority for food 
information, and therefore a lower priority for water information: 
the filter tvill be more likely to pass the former and therefore to 
reject the latter. If therefore a latent learning experiment is 
done in which the animal runs a maze for food reward while water 
is in the maze, and if the next day the animal is made thirsty, 
the probability of correct response will be lower if the hunger on 
the first day is greater. This docs seem to be the case: at one 
time there was even a belief that latent learning could not be shown 
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in training the food may follow the response, while in the 
appearance of the learned response arousal of the drive precedes 
response. The nervous system must also be able to distinguish 
between actual occurrence of a response and inferred occurrence; 
if these two are different it is not clear how' the animal takes the 
step from one to another. To make this point clearer, it is as 
though the animal had observed frequently in the past that 
bell, food, and response occurred together and so when food and 
response appear it infers that the bell is going to ring. Yet it 
takes no action to produce the ringing. If bell and food occur 
together it may predict its own response, but why should it 
take action to produce that response? These are really detail 
points, which do not seem to have been expanded by Utti^ 
himself, who is more concerned with the assessment of prob- 


abilities involved. , , , 

Deutsch (1953, 1950) has gone further into the production ot 
sequences of behaviour. His system is still developing, and may 
have changed further before this book appears, but the early 
presentations provide sufficient for our purpose. j 

gives an account of simple behaviour sequences and the second 
a modified account of complex sequences such as those ■" “ 

learning. For simplicity it is easiest to consider the earlier 
system first: consider, say, the sequence of mvfiv 

in some instinctive activity such as the courtship of lower 


“Detch postulates a row of ‘ links ’ in the nervous system to 
explain each such behaviour sequence. A link ^ 
urfit, that is, its physiological structure is “ 

defined merelv by its functions. The link at one end of the 
row is activated by, say, changes it-fe chemical constituenj^ of 
the blood, and the activation spreads along th ^ J 
is activated and there is no further link orglnism 

it can transmit this activity, the motor 
is varied. To -ch 'ink there 

slmaZ’’’ “iTration occLs the analyser fires, and 
this switches off the attached Unk. ^ 

foltw”rirIn Si ist the physiological state appropriate 
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information, but it offers no scheme to explain what happens 
to that information once selected. It may be an acceptable view 
scientifically that some part of the brain has a number of possible 
states, that each of these states corresponds to a particular 
conditional probability of one event when another has occurred, 
and that in consequence the actual conditional probability is 
reflected in the state of the brain. But, the reinforcement 
theorist may argue, unless some way is specified for this probability 
to issue in response, the whole approach depends on anthropo- 
morphism. It will be forced to postulate some unexplained 
process which decides on the response having been provided 
with the conditional probabilities: in short, a ‘ little man If 
this criticism were true it would be a serious one, since it would 
mean that the problem had simply been pushed farther back into 
the nervous system. It is the hint of such a defeatist approach 
which seems to upset S-R theorists when faced with the use 
of terms such as ‘expectancy’ or ‘consciousness’. (Consider, 
for instance, the views of Jenkins and Stanley (1950) on an 
expectancy interpretation of partial reinforcement.) The writer 
would agree that our problems are not to be solved by giving 
them anthropomorphic names; but this does not mean that a 
theory based on conditional probabilities need fall under such a 
criticism. Let us now turn to recent attempts to describe the 
process of selecting response when conditional probabilities are 
stored within the nervous system. 

Theories of Response 

Uttley (1955) puts forward a simple account of the manner in 
which a response may occur when it and no other is followed 
by reward. If, say, a bell rings and the animal is given food 
provided it raises its paw, the simple theories we have considered 
so far will not explain the paw-raising. Uttley says that the 
combined probability of bell, food, and paw-raising becomes 
high. If then the bell is objectively present and the sensory 
mechanisms corresponding to food are activated from within the 
animal (‘ drive ’), the occurrence of paw-lifting will have a high 
probability and this may be assumed linked to effector systems 
which will ensure that it does occur. 

This theory is highly simplified, and ignores order effects: 
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sequence rather than some fresh way of reaching the consummatory 
situation, subject to the results of spontaneous alternation 
experiments.) 

The postulates already mentioned have certain disadvantages. 
Thus if an animal runs a maze in one direction its output will 
be in exactly the wrong sense for rapid running in the reverse 
direction: although the maze will ultimately be traversed in 
reverse if there is some motive for doing so, progress should be 
extraordinarily slow. This does not agree with experience. 
Furthermore, learning a maze under one incentive should not 
assist performance with a fresh incentive, which is of course not 
the case. A rat taught to run to food when hungry will also 
run to water when thirsty. The second version of the theory 
avoids these difficulties, and also accounts for insight, latent 


learning, and similar phenomena. 

There are two types of alteration in the postulates. First, 
analysers are now supposed to fire in varying degrees according 
to the strength of the corresponding stimulation. Motor output 
controlled by the end link remains the same as long as the 
corresponding analyser is firing to an inweasing extent. i 
varies only when the firing is decreasing. The animal is thus 
■ sucked in ’ towards the stimulus corresponding to the ““T®" 
of the end link. If during this process the analyser of a In* 
closer to the other end of the row is stimulated, that link decreases 
the amount of activity it transmits and increases 
motor output. To go back to our original “ 7' 

might when first aroused indulge in random ^ 

caught the scent of a female, and then 

that the scent became stronger. But he does not go on blmdty 

until the scent reaches maximum intensity, eca 

he sees the female this reduces the ™P7®"«77“Iwr 

increases that of sight. Furthermore. afte^rds 

A without stimulation of the next one so that 

decreases the sensitivity of the link A to ^ ^ 

the animal will not go on for ever tpung to proceed by a blocked 

path if there is some other open to it. nn< 5 « 5 ibilitv of 

The second group of alterations 
spread of activity from row “ „„ jflerent rows any 

an analyser is common to two 
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for mating, a row of links will be active. The link at the end 
of this row farthest from that aroused physiologically will be, 
say, the link corresponding to an analyser set for the sight of a 
female. Various kinds of behaviour will appear, not necessarily 
random muscle contractions but fairly complex organized activities 
such as locomotion, calling, and so on. As these activities vary 
the environment, it will sooner or later happen that a female 
appears and the last link in the row will be switched off. This 
leaves the next link in the row active: its analyser may correspond 
to the sensory pattern produced by a display posture on the part 
of the male. He therefore behaves in a variety of ways until 
he takes up this display posture, which switches off that link. 
The next may be attached to an analyser for some particular 
posture on the part of the female, and the male will not proceed 
further with mating until she provides this stimulus. When 
she does, the next link to be active may be that attached to an 
analyser for another posture on die part of the male, and activity 
will proceed until this posture is taken up. In this way the 
animal will proceed through a series of situations, continually 
‘ seeking ’ the next step in the chain. By ‘ seeking * one means 
merely that varied activity will persist until that step is reached. 
As it is supposed that the motor output present when an analyser 
fires off will be the first to occur when the corresponding link 
next controls output, an animal which has proceeded through the 
sequence once will do so smoothly and rapidly in the future. 

The system can be applied to learned sequences, by supposing 
that rows of links are formed by the ordered stimulation of 
corresponding analysers, the final stimulation of an analyser 
already attached to a row joining the new portion on to that 
already existing. Thus if, say, the sequence of events corre- 
sponding to the path through a maze terminates in the sight of 
food, activation of the hunger drive will cause seeking of the 
entrance to the maze and, if given opportunity, running of the 
maze. (It will of course be noticed that if an analyser halfway 
along the row fires this means that the sequence will proceed 
from that point, as the switching off of the link cuts off the more 
remote parts of the row ; a trained animal shown a female does 
not ignore her and seek the beginning of the maze. There 
may however be some preference for a previously traversed 
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sequence rather than some fresh way of reaching the consummatory 
situation, subject to the results of spontaneous alternation 
experiments.) 

The postulates already mentioned have certain disadvantages. 
Thus if an animal runs a maze in one direction its output will 
be in exactly the wrong sense for rapid running in the reverse 
direction: although the maze will ultimately be traversed in 
reverse if there is some motive for doing so, progress should be 
extraordinarily slow. This does not agree with experience. 
Furthermore, learning a maze under one incentive should not 
assist performance with a fresh incentive, which is of course not 
the case. A rat taught to run to food when hungry will also 
run to water when thirsty. TTie second version of the theory 
avoids these difficulties, and also accounts for insight, latent 
learning, and similar phenomena. 

There are two types of alteration in the postulates. First, 
analysers are now supposed to fire in varying degrees according 
to the strength of the corresponding stimulation. Motor output 
controlled by the end link remains the same as long as the 
corresponding analyser is firing to an increasing extent: 'it 
varies only when the firing is decreasing. The animal is thus 
‘ sucked in ’ towards the stimulus corresponding to the analyser 
of the end link. If during this process the analyser of a link 
closer to the other end of the row is stimulated, that link decreases 
the amount of activity it transmits and increases its control of the 
motor output. To go back to our original example, the animal 
might when first aroused indulge in random activity until he 
caught the scent of a female, and then proceed in such a way 
that the scent became stronger. But he does not go on blindly 
until the scent reaches maximum intensity, because as soon as 
he sees the female this reduces the importance of scent and 
increases that of sight. Furthermore, stimulation of an analyser 
A mthout stimulation of the next one B shortly afterwards 
decreases the sensitivity of the link A to activation by B : so that 
the animal will not go on for ever trying to proceed by a blocked 
path if there is some other open to it. 

The second group of alterations concern the possibility of 
spread of activity from row to rmv. It is supposed that when 
an analyser is common to two links on different rows any 
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activation of one link spreads through to the other. This takes 
care of one of the difficulties mentioned earlier: if, for example, 
an animal has learned a maze for food reward, it is only necessary 
to attach the end-box analyser to the water analyser for the 
benefits of previous training to be used in running to water: 
the end-box analyser being in common to the row based on 
hunger and the new row based on thiret. The difficulty of, for 
instance, retracing is met by the fimt set of alterations to the 
postulates; if an output which causes decrease in the next 
stimulus is immediately suspended progress along a row in 
either direction should be fast. To use engineering terms, the 
feedback loop is much tighter in the later set of postulates. 

The great advantage of this system over S-R ones is that it 
accounts for the appetitive character of behaviour, the tendency 
to produce smooth and immediate shifts in motor output to 
preserve a constant sequence of stimulation even though the 
environment is abnormal. It has long been known, for instance, 
that an animal taught a maze by one form of response will perform 
it by some other form: that is, if it ran through the maze during 
training it will swim through it if the maze is filled with water. 
It has even been reported recently by Gleitman (1955) and 
confirmed by McNamara, Long and Wike (1956) that animals 
pulled through a maze as passengers will run through it correctly 
on subsequent trials. Such learning may well be inferior, 
however, to a training technique which ensured that information 
did enter the nervous system ; in our terms, that the filter selected 
the relevant information, or in Deutsch’s that the links were in 
fact switched off in the right sequence. These cases of ‘ response 
equivalence ’ are easily and neatly handled by Deutsch’s theory. 
Of course with a sufficient degree of complication the same 
explanation may be framed in S-R terms. One might suggest 
that each stimulus produces random responses of which the ones 
leading to the secondary reinforcement of the next stimulus are 
made more probable: the final responses to the last stimuli in 
the series are given the primary reinforcement of, say, food. 
The phrasing does not matter, save that Deutsch’s is far more 
convenient and concentrates attention on the essential aspects of 
the process. S-R language implies largely an open-chain type 
of system (in engineering terms) while systems of the closed-loop 
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type seem more likely biologically. The closed-loop type of 
system is used in engineering practice to provide response equiva- 
lence: we prefer not to insert a simple heating system in a 
building, since on a warm or cold day that would give an undesired 
result. Instead we may insert a thermostat-controlled heating 
system which will adjust the level to a desirable temperature 
no matter what the abnormalities of the environment. ^ (For 
cheapness we may use ourselves as the sensitive element in the 
thermostat, poking the fire if we feel cold and letting it go low 
if we are warm, but the principle is the same.) Similarly it 
seems likely that biological systems are of the closed-loop type, 
producing behaviour appropriate to securing particular stimula- • 
tion. Deutsch’s terminology is also useful in considering the effect 
of, say, stimulating taste-receptors while not allowing food to enter 
the stomach. This type of experiment has 
deal lately, and readily fits into the scheme proposed (Deutach IS63). 

Some thought will show the reader that a system of this type 
would develop in a trained animal into a mesh of analysers 
ordered in a manner corresponding to the ordering m space and 
time of the environment. Rows of links would run in dmec- 
tions across this mesh, with the result that introducing a reward 
at any point would immediately activate hnks corresponding to 
distant analysers. If the animal was then P "ear the 
stimuli corresponding to such analysers it wou " „ 

to the reward: latent learning. Under some 
fail to do this. For instance, if there a “ 

which the animal has been run when ^ ungry inakine 

similar stimuli in both alleys but water in only one « 

the animal thirsty will produce activation of 
staiting from that r'rbr 

analysers are in common to both alley , mrrpQnondine 

of activation to the other alley and so along the 
to it. At the choice-point there may be little 

the activation of the end-links corresponding to he two p«h^ 

and the animal may therefore take t e 
type of failure will be less likely if 

choice-point and the ^ites experiments which 

the end-boxes; and Deutsch (1 ) 

show that this is so. 
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The bad effects of asymmetric reward on latent learning are 
also intelligible on this system. If food is placed in one alley 
only, a hungry animal will firmly attach the links corresponding 
to that alley into a row, while the links for the other alley will 
have higher thresholds for activation passing from one to another. 
If there is water in the other alley, making the animal thirsty 
will produce activation not only of the row for that alley, but 
also of the food alley through common analysers. As the thresholds 
bet>veen links in the food alley are low, the activation will spread 
along that row more completely and at the choice-point the 
food alley may actually be the one to secure response. Deutsch 
points out that this damaging effect from strong irrelevant 
motivation on latent learning should only apply if the irrelevant 
drive is in fact rewarded'. Strange (1950) found latent learning 
of the position of food after exposure of the maze given to thirsty 
rats without any water reward. Gleitman (1950) did not do 
so, however, and the dUcrepanQr is not explained. 

On the Relation Bettceen Various Theories 
Deutsch’s views are of importance as providing the link between 
stored representations of the order of events in the environment 
on the one hand, and response on the other. He is concerned 
largely with behaviour sequences such as maze running, and less 
with the effects of temporal sequences of stimuli such as those 
in classical conditioning, or with levels of reinforcement less 
than 100 per cent. His interests therefore are different to those 
of Uttley, but the two views are complementary. We may 
introduce Utlley’s contribution into Deutsch’s system by 
supposing that the thresholds between two links are an inverse 
measure of the probabiliQr of one analyser firing after the other 
in the past history of the animal. Thus in, say, the partial 
reinforcement situation the activity of the link whose analyser 
corresponds to ‘ stimuli resulting from bar-pressing * will be 
greater when food is more probable and less when it is less 
probable. As we saw earlier, this will give behaviour the 
characteristics which it does have in the partial reinforcement 
situation. The assessment of probabilities will carry with it 
the other consequences mentioned in Uttley’s views: in particular, 
the relative roles of recent and remotely past stimuli will be 
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different. Deutsch notes (1956, p. 124) that there are certain 
phenomena such as those of delayed reaction which he does 
not cover. 

This combined Uttley-Deutsch approach has some limitations, 
even so. Both theories require an enormous capacity for the 
nervous system if all the information reaching the sense-organs 
is to be stored. And neither claims to cover the various 
experiments on filtering of incoming information, which we have 
discussed previously. There is no reason, however, why the 
storage of conditional probabilities and the production o 
responses in such a way as to produce a sequence of stimuli 
terminating in reinforcement, should not be supplemented by a 
selective operation on the incoming information. There remains 
the question of the role of such a filter in the explanation of 
particular experiments: as we have seen, Uttley's view explains 
some facts which filter theory also explained. In some cases, 
such as induction, the view that the reported behaviour was the 
result of the conditional probability of the various stimuli seemed 
probable. In other cases filter theory was the more satisfactory, 
for instance, disinhibition seemed likely to be due to dominance 
over the short-term storage system by some irrelevant stimu , 
so that the long-term storage system became the prime factor 
determining response. There are some similar cases “f 
between Deutsch’s views and those of filter theory, a 
must now be considered. , 

In the first place, some of the facts 
which Deutsch Lplains were also accounted for ^7 « “ th^' 
notably the effect of asymmetrical reward. I* ^ 

fair to explain the failure of latent learning, "JtU 
many stimuli in common, by a apcoad o exci 
alle/ to another: but it seems a >■«>■=, 
postulate spread of excitation when the alleys do ^ 
stimuli in common. Furthermore the j position 

reward seems highly similar to oTutsch might 

habits and of asymmety of crfou thresholds 

perhaps explain these effects also y . 

between liScs in the favoured rltoement! bS 

favoured showed that it led to some in o ^ reward 

asymmetry of these other kinds differs from asymmetry 
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in one respect. Asymmetric revrard is of course always given 
in the alley opposite to that which contains the incentive which 
will become relevant in the trials to test for latent learning. 
But position and colour are independent of the other factors and 
therefore may sometimes favour the alley which an animal should 
choose if it is to show latent learning. So Deutsch’s interpreta- 
tion does not seem so applicable to colour and position asymmetry. 
Rather one might describe the facts as showing that the animals 
are under the control of a row of links, which does not include 
analysers for the information which interests the experimenter: 
and therefore that this information is not stored. 

This brings us to a more analytic examination of the points 
of contact of this theory and of filter theory. If the two are 
to be combined, it will mean that the firing of some analysers 
in Deutsch’s scheme is incompatible with that of others. Or 
at least that the effect of that firing on the inter-connection of 
links is non-existent: the information strikes the sensory system 
but is not stored. This does appear to be provided for in 
Deutsch’s postulates (1956, p. 118). The threshold of excitation 
of a link is a function, not of successive firings of the analyser on 
that link and that on the next link, but of the number of times 
the link has been switched off. This presupposes not only a 
sequence of stimuli but also the activation of the row of links. 
Unless the row is activated, unless information of that type is 
being selected, it wll not be stored. 

As the postulates are stated at the time of writing (it must be 
remembered that they may have changed by the time this is 
read) they might be mistaken for a reinforcement theory. The 
attachment of ordered analysers to links is said only to take place 
when an analyser already attached to a row is fired. But it is 
not essential to the system that no ordering of analysers should 
take place unless primary or secondary reinforcement follows it. 
One might rather deduce from the postulates that ordering of 
analysers would occur in any case but that the importance of 
reinforcement was in the attachment of the freshly ordered 
analysers to rows which were liable to activation. Unless a 
row is attached to such an active row, the probability of sequential 
stimulation of the analysers wWle the corresponding links are 
active is low; and therefore the threshold for excitation passing 
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from one link to the next will remain high. If this deduction 
were made the theory would become, like filter theory, one in 
which reward adds to the probability of learning but is not 
essential to it. 

We might, then, escape the difficulty of interpreting failure of 
latent learning with asymmetric cues. Our final argument would 
be in this form: incoming information is selected on the basis 
of its own qualities (intensity, novelty, and the hierarchy of 
different senses) and of the motivational state of the system. 
That is, information of the typ^ appropriate to any analyser 
attached to a link on an active row has a high priority. In the 
latent learning case, a tendency of the animal to respond to 
colour or position of the alleys during preliminary training 
implies that a row of links attached to analysers for these character- 
istics is active. Therefore information of other kinds is less 
likely to pass the filter and establish a representation in which 
its relation to the choice-point is correctly preserved. Unless 
such an interpretation of Deutsches theory is adopted it is quite 
difficult to decide precisely how the asymmetric cases of latent 
learning (and the ill effects of forced choice) should be explained. 
But in general the arguments for filtering of information are 
not from the same field as those for Deutsch's system: ffie 
two approaches are almost completely complementary rather 

than competitive. , . - 

We have thus reached a satisfactory combination of three 
views: filter theory stating the information which enters the 
store, Uttley’s theory dealing with the relative strengths of the 
attachments between different events on w^ii^ in oma ion 
passed the filter, and Deutsches dealing with the pro 
response by this storage system when a dnve xs app le 
animal. A word should also be said here about the relation of 
this combined approach to earlier theones, w ic 
somewhat neglected in our own pr^enlation. 
sidcred the general merits of a cybernetic appr rhanter 
extent in Chapter 3, and will return to its ^d'-antag^ m Cha^t 
12. Here, however, it is desirable to pay due respect to other 

“‘’r:’’g“;at extent the S-R approach is a lan^age in^rWch 
factually different theories may be e,xprcssed. 
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the view given in this chapter is different from that given in 
Hull’s Principles of Behavior it does not follow that a view 
like the present one could not be expressed in S-R terms. Some 
aspects of Betlyne’s approach (1951) do indeed seem to provide 
such an expression: the views of Spence, quoted by Hilgard 
(1956, pp. 414-19) from personal communication, are also 
related to this approach. The objection to using S-R terms is 
one of convenience and not one of essence. For instance, if one 
supposes that the selective nature of perception is due to the 
establishment of an internal response incompatible with certain 
other internal responses, one may be led into supposing that the 
principles governing the habit strengths of such internal responses 
are the same as those governing external responses. With 
careful foTmulatlon this danger may be avoided, but it seems a 
useful device to keep the words ‘ stimulus ’ and ‘ response ’ for 
observables, and to speak of ' information ’ when drawing legiti- 
mate inferences about unobservables. The choice of a different 
language does not imply contempt for the past achievements of 
S-R theorists: on the contrary their emphasis on the selective 
nature of learning and on the necessity for objective phraseology 
has been of great value. Furdiermore there is much in behaviour 
which falls outside the scope of the topics we have discussed, 
but on which our knowledge is purely due to S-R theorists. 

Perhaps the closest historical connexion with the present 
view of animal behaviour is that of the Tolmanist approach. 
Many of the arguments we have used are familiar to those who 
have read the writings of cognitive theorists : if we have omitted 
to cite these writings, it is deliberate rather than an oversight. 
The reason is simply one of presentation. The use of words 
derived from human experience (such as * cognition ’) has, in 
the writer's belief, emphasized genuine weaknesses in behaviour 
theory. But the vagueness and anthropomorphic associations of 
these words have offended some people to such an extent that 
they have neglected the validity of Tolmanist criticism. Further- 
more the difficulty of demonstrating learning without reinforce- 
ment is itself a sign that Tolmanism has underemphasized the 
importance of that factor in learning as well as in performance. 
Neither learning nor performance depend completely upon 
reinforcement, but both are facilitated by it. 
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By adopting different terms, it may be hoped that we have 
avoided the emotional reactions whidi are sometimes aroused 
by the phrases of cognitive theorists: each of the three sections 
of the present view has in fact been embodied in a mechanical 
model (Broadbent 1957d; Uttley 1955; Deutsch 1954). It can 
hardly be urged that such vie^vs are mystical or incapable of 
physical realization. What merits they have are undoubtedly 
based, however, on previous work both of cognitive and of 
S-R theorists. This is as it should be in science. 



CHAPTER II 


RECENT VIEWS ON SKILL 

In the last chapter we tried to fit our views into a general approach 
to animal behaviour; in the present one we will do the same for 
human skilled behaviour. Both cases are not described in as 
much detail as they would merit if we were not principally con- 
cerned with the theory of attention. There are a good many 
fields of research on skill which do come into contact with the 
topics we have discussed: but there are of course other aspects 
which we shall leave unmentioned. 

Refractoriness 

The first topic which deserves mention is that of ‘ the psycho- 
logical refractory period \ The basic observation which has 
produced interest in this subject is that when two stimuli are 
presented for reaction the time taken to respond to the second 
stimulus is sometimes unduly long when the stimuli occur close 
together in time. The earlier experiments on the subject have 
been reviewed by Welford (1952): following the distinction made 
by Davis (196Ga), we may say that the evidence falls into three 
categories. There are experiments on continuous tracking of a 
moving target, in which corrections are made by the operator at 
his own discretion. These corrections are usually made at 
intervals no closer together than I sec (Craik 1948). There are 
also experiments on step-tracking: that is, distinct movements of 
definite length. Here the operator may be following a straight 
line with a pencil, and be faced with a sudden jump in the line 
to a new position parallel to the first. He has to move the 
pencil over to the new position : it is found that if another step 
back to the original position is requited less than roughly | sec 
after the first, the second response is delayed (Vince 1948). 
Thirdly there are experiments on ungraded responses (such as 
key-pressing in which movement need not be exactly controlled), 
or on the stopping of movements. For instance, simple key- 
pressing reactions to sounds, with varying intervals between the 
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s tim uli^ have been reported as showing slow response when the 
stimuli are only | sec apart (Telford 1931). The stopping of a 
movement which is carried out in zig-zag fashion along a double 
row of contacts may be difficult if only | sec is allowed between 
the signal and the time at which the contact is reached where 
movement is to be stopped (Poulton 1950). It is possible, 
however, if twice that interval is allowed. 

There is further and later evidence which casts doubt on the 
generality of each of these conclusions. It will be easiest to 
consider it while examining the various theories advanced to 


explain the results. . , , , . , 

The theory which deserves first consideration is that formulated 
by Welford (1952). He contended that the results were due to 
• the central processes concerned with two separate sPmuli not 
being able to co-exist As they would take a defimte me 
for each stimulus, the process concerned with the 
could not begin until after that for the first stimu us a • 

The time beween the arrival of the 'e' 

end of the central processes for the first stimulus wou d then be 
added on to the reaction time for the second ^ 

would only account, however, for delays w en ® 
were separated by less than one reaction time. Delays were 
reported” as mentioned earlier, with intervals as 4 to 

and these could not be due to any organizmg im , . 

reaction. A suggestion of Hick was 'herefore adop^edjy 
Welford; he argued that with many necessary, and 

mation on the performance of the resporise concerned 

would occupy the same periods after 

with stimuli from the outer world. . . , d of the 

Uey-points in the response (such . — d 

step-movements of the pencil m th Ladled, 

earlier) the second incoming stimulus wou pencil, 

This means that if a man is “ re “v^rbe a ^orf delay 
and a step to a new position appe , ^ reversing 

before the pencil begins to move up. ... j^ove 

the first appears during the delay, t e p interval of one 

up. but Jll then reverse the ‘ "t - This is the 

reaction time from the start of , imenals of less 

normal refractoriness appearing uit 
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than one reaction time. But if the inter-signal interval is slightly 
longer, if the second step occurs just after the beginning of the 
movement, the ‘ central processes * will be occupied with feed- 
back information and the reversal of the movement will not 
occur until one reaction-time from the end of the time spent on 
feed-back information. A similar situation will apply just after 
the end of the movement. Thus there will be three values of the 
inter-signal interval at which the second stimulus will give long 
reaction times. One will be at very small values, one at values 
just longer than one reaction time, and the third at values just 
longer than one reaction-time plus the time taken to reach the 
end of the movement. In between these points there will be two 
values of the inter-signal interval at which the second signal 
will have a nearly normal reactton-time*. when it occurs just 
before the start of the movement, and when it occurs just before 
the end. Welford (1952, p. 6) shows that this is in fact the case. 
He noted that practised subjects may dispense with the feed- 
back information, especially in ungraded responses (1952, p. 16). 
This must indeed be true in such experiments as those of Quastler 
(1956) on the maximum rate of transmission of information 
through the man: in those results signals are being dealt with 
much faster than two a second. Davis (1956a) has confirmed that 
two stimuli separated by more than one reaction-time may each 
show normal reaction-times on highly practised subjects, using 
key-pressing responses. He did find the delay, with a second 
stimulus occurring during the first reaction-time, which Welford 
would predict. 

Another point which Welford considers (1952, p. 8) and which 
we shall see to be important in connexion with the next theory, is 
the effect of extremely small intervals between two stimuli. 
When such intervals are present, the second reaction-time may be 
normal: the first reaction-time under such circumstances is 
likely to be longer than usual. Welford suggests that this may 
occur either because response is deliberately withheld for a short 
time to ensure that no second stimulus is about to arrive; or 
because some irrelevant central activity occupies the analysing 
mechanism until a short period after the first stimulus has arrived. 
If the second stimulus occurs during this time reactions to both 
stimuli may be initiated together. Davis (1956a) did not find 
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any such ‘ grouping ’ of stimulit the delay in the second response 
being longest when the two stimuli were simultaneous. He also 
found no negative correlation between reaction times to the 
ttvo stimuli. However, the phenomenon is well-established by 
other results: its absence in this case is perhaps due to the fact 
that Davises two practised subjects were always required to respond 
first with one key and then with the other, so that the ordw of 
response was well established. They were also instructed to 
respond rapidly to the first stimulus without voluntary delays, 
and their results showed that they obeyed this instruction. 
This might well exclude both the mechanisms sugpsted by 
Welford as producing ‘ grouping ’. The absence of negative 
correlations, incidentally, is not crucial since very long pauses 
before the ttvo responses were initiated would cause both to give 


long reaction times. , 

This theory is clearly of great interest to us. ‘ 

is essentially a perceptual system of limited capacity. , , .J 
the original formulation was in terms of 

was intended also to be relevant (Hick We ford 1956 The 
central organizing time for highly probable stimuli = 
shorter than that for improbable ones, and t us . 
essentially one of rate of handling information. The theoiy also 
requires a short-term store for 

perceptual system is fully occupied. Bot ^^e^ ^jspns, and 
we have supposed in our own approach w.Iford’s theorv 
this helps to strengthen our confidence m Wdford^ 

There are, however, two slight difficulties whmh suggest that 

modifications to the theory may be j. nUusible 

question of grouping already mentioned. Welffird s plausiW 

ffiterpretations of die phenomenon Sormltiond 

older framework of stimulus and response, an ." j „ jf 

terms. The two stimuli condibute "o >ess — ^ 
the perceptual system de ayed hand g 

after the second had arrived. *“t;/” esting that the 

undelayed ? This objection cannot to allow 

information from the first stimulus 1 ^ „ limited capacity 

that from the second to be undelayed: a hmuedjap ^ J 

channel and a normal second rracuon ime j ,o occur, 

the response to the first stimulus will be the secon 
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which has not been reported. It might be the case, however, in 
the step-tracking experiments in which the second response is 
the opposite to the first. Much of the evidence for grouping 
comes from such experiments, since sometimes in such a situation 
there may be no response if the two stimuli are separated by only 
a very small time interval. This might be regarded as the second 
response appearing first. We will consider another interpreta- 
tion later. 

The second difficulty comes from the fact that much of the 
time elapsing between stimulus and response is due to peripheral 
processes. The information must travel from the senses to the 
brain, and from the brain to the muscles. There seems no reason 
why the latter time for the first response should not overlap the 
former time for the second response. It is only the central 
processes which can be supposed incapable of dealing with both 
items of information simultaneously, as Welford himself says 
(1952, p. 3). Yet the amount of delay for the second stimulus 
can be calculated by supposing that it cannot occur before two 
full reaction times after the first stimulus. That is 

nTi = - / 

where RT^ = reaction time to first stimulus 

RT 2 = reaction time to second stimulus 
/ interval between stimuli 

1 < RTj^ (When I > RTi, RT^ = RT^). 

This is confirmed by Davis (1956a). In other words the amount 
of delay of the second reaction is larger than can be accounted for 
by the time taken by the central processes alone in dealing with 
the first stimulus. 

Leaving this difficulty in the air, we will now proceed to the 
second theory. This is the parsimonious view that all the 
results can be accounted for by the instantaneous probability of 
the stimuli: the second stimulus does not usually arrive im- 
mediately after the first, so when that event does occur the 
response time is long. The possibility seems to have been 
first put foru'ard by Poulton (1950) and ivas also adopted by 
Elithom and Lawrence (1956). Neither of these papers provide 
experimental evidence which is completely crucial. Poulton 
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showed, as mentioned earlier, that an unexpected sipal to stop a 
movement took longer to have its effect than the signal to start 
the movement. The latter was preceded hy a warning signal 
and so was expected. As Welford (1952, p. 10) points out, the 
possibility is not excluded that the central mechariisms are 
occupied by feed-back information when a movement is in pro- 
gress. But in any event, all theories stated in informational 
terms take the probability of the stimulus into account, so i^at 
demonstrating its importance is no blow to such theories. Ine 
question at issue is whether an additional delay occurs with small 

inter-signal intervals. , . , 

Eiithorn and Lawrence used two light signals, one on each side 
of a fixation point, and the right and left hands for t e correspon 
ing responses. After a warning signal either the right or left 
stimulus arrived i sec later. The other stimulus occurred after a 
further interval varying from 0 to 0-95 sec. 
the first stimulus were not repotted; those . 

fast at extremely short intervals, slow at about • se ' 
increasingly faster. There was some sign of u er g 

the first place they contrasted expectancy theory w ^ 
approach^lthough^sHickandWelforf m^^iuntou^^^^ 
theory was itself an expectancy one s 

antithesis. Secondly they referred to the occurrence ‘^e fet 
stimulus as lowering the probability of t ^ ™ ^ ^ ,^3 

Both Hick and Welford, and also , 

point, for it is undoubtedly fallacious. T e ,he 

of the stimulus on the other side remains ““ X 

probability that the next CTent will ^ on t eo^^ 

raised. Despite '^e ^h'lity of ttas ^ 

Lawrence appear to have m mind a the y „fnrtiinate phrase 
does not appX They have merely used an unfortunate pnra 

to express it. , , ,,;fi-.„nt stimulus-response 

The essence of their position is that jjjj3 be 

processes can co-exist: in brings can operate as 

translated as the contention that hu ^ jban as only one. 
several parallel and independent channe -eartion time to a 

When operating as mo independent channels, reaction tim 
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stimulus is determined solely by the probability of that stimulus, 
and unaffected by the processes in the other channel. If we now 
consider the distribution of time intervals between the warning 
signal and the occurrence of, say, the right-hand light, we find 
that on 55 per cent of trials, that light went on ^ sec after the 
warning signal. The remaining 45 per cent of trials were evenly 
divided between nine longer time intervals. This means that tf 
we determine the probability of a stimulus occurring at a given 
time interval provided that it has not occurred at any shorter 
interval, the resulting cumulative probability is high for the 
shortest interval, then low, and then increasingly high. This 
variation of temporal uncertainty is entirely independent of events 
in the other channel. As reaction time does follow this prob- 
ability, EUthorn and Lawrence’s results are perfectly in accordance 
with the hypothesis that the man is operating as two independent 
channels (though also as we shall see consistent with the single 
channel view). Our belief that this is the core of their argument 
is strengthened by the fact that they do plot the distribution of 
stimuli at different intervals after the warning signal on one side 
alone (p. 126). 

How far can this interpretation be applied to the earlier experi- 
ments? In general stimuli have come from the same source 
rather than from different sources and very short inter-signal 
intervals have been no more frequent than those of any other 
length. Thus the cumulative probability of a signal given that 
one has not already occurred will increase with time since the first 
signal, and the shortest interval should give the longest reaction 
time and so apparently provide evidence for refractoriness. On 
the other hand, Davis (1956a) pointed out that the longest inter- 
vals did not give the shortest reaction times either in his results 
or in those of Elithotn and Lawrence; and that there was no 
independent evidence that reaction time would follow the cumu- 
lative probability of a signal over a range of fore-periods in the 
way postulated. Mowrer (1940) had indeed shown that, when one 
length of fore-period was more common than any other, reaction 
time was shorter than at any other value of fore-period ; but this 
affords no evidence for the case when all fore-periods are equally 
frequent. 

\Ve might expect, however, an analogy with other psycho- 
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physical judgements. In these, judgements are often biassed 
towards a ‘ level of adaptation ’ which is the middle of the presented 
range when all values in the range are given equally frequenUy. 
When one value is given more frequently, the level of adaptation 
shifts towards it (Helson 1948). Thus we might expect the 
subjective estimate of the distribution of a range o time in 
(occurring objectively with equal frequency) to be peaked in the 
middle of the range. If one interval is given more often than the 
others, the peak of the subjective distribution would he between 
the mid-point of the range and the most common interval. 

We might expect then that if a signal is given after ^ wa™ng 
signal, and if several different time intervals are used e^Iy 
frequently, reaction time will follow a compromise course beWeen 
two ex Jmes. On the one hand, there will be a tendency for *e 
reaction to become faster as the intervd becomes ’“"gf’ ‘ "1 js 
any one trial the probability of a s;^al given 
higher as the interval is longer. On the othe hand, tee wm 
be a tendency for reactions at the mean \"‘arva! to be faster than 
those at shorter or longer intervals, since , 

subjectively more probable. The compromise intervals 

extremes would give a U-shaped curve in 'vh(<* /hort interval 
would give very long reaction long mtemls mednm 

reaction times, and medium ‘"“=™ls tha shortest tm .^D 
(1956a) discusses these various PU“‘h>];U“> .= . 

own rLults do show reactions at mediunr J 'vhich a 

faster than reaction times to the first of ^vo Paue^ 

signals. Welford (1952, p. 8) ha^ uuted that long .ntetesree_^ 
to give long reaction times in the earlier p ^ 

therefore accepts the role of lOTge of mte - ^ sceptical 
making the reactions at medium interva s ^^-nremretation ivith its 
of the value of the cumulative proba i iW. ’ ^ 

prediction that the uP*!™” ‘"‘tV^I/Sas tine"shoi™ in a 
the mean of the range. Klemm ( ^ - reaction to a 

task without the complicadon of e sUmuh 

stimulus preceded by a ^^■arn^ng sign -nd the upper end 
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one only considers the data already mentioned from ungraded 
response situations. A true test of its adequacy would require 
the use of a set of inter-signal intervals in which the shortest were 
the most frequent and the longest the least frequent. If cumula- 
tive probability was constant for all intervals and the short in- 
tervals still gave longer reaction times than the long intervals, 
this would demonstrate the inadequacy of the independent 
channel theory. 

Pending such an experiment, there are two facts which seem to 
the writer conclusive evidence against independent channels. 
The first comes from the step-tracking experiments mentioned 
earlier. The varying probability of signals at different inter- 
signal intervals can provide no explanation of the optima at 
0-2, 0*4 and 0*7 sec, separated by long reaction times at 0*8 and 
0*5 sec. The explanation given by Welford, it will be remem- 
bered, is that feed-back ixfformation from the response interferes 
at the two intermediate intervals : this explanation seems adequate. 
The second fact is the result of control experiments by Elithorn 
and Lawrence in which only the second stimulus was presented. 
Reaction time was faster than in the two-stimulus case when the 
time since the warning signal was less than about 0*75 sec: in 
other words, the slow reaction times in the two-stimulus case at 
about 0-1 sec inter-signal interval were due to interaction between 
the two stimuli. This argument is not quite watertight, since the 
subjects knew that only one stimulus was to be delivered in these 
control trials; they might therefore have combined the two 
independent channels, which they used in the main experiment, 
into a single one of higher capacity. Yet this in itself would 
mean that the supposed two channels are not perfectly separate. 

These two points seem therefore to require some addition to a 
purely probabilistic point of view, an addition of Welford’s type 
being adequate. Furthermore, the results of Elithorn and 
Lawrence are perfectly cotwistent with Welford’s views: he had 
allowed for rapid reaction time to a second stimulus * grouped ’ 
with the first, and he had said that refractoriness might in trained 
subjects apply only at inter-stimulus intervals much shorter than 
I sec, because of the neglect of feed-back. Our conclusion about 
the theory of refractoriness as an artifact of stimulus probability 
must therefore be negative: the organism cannot be perfectly 
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represented by two independent channels. It may well be, 
however, that with sufficient training men may be able to bring 
themselves effectively to that state, even though it has not yet 
been shown unequivocally. We would expect that if this were 
done, the capacity of each of the channels would be rather less 
than that for a man trained to act as a single channel. Thus if 
the man had been trained to react to any of six possible signals 
to the point where the occurrence of one did not interfere with 
responses to others, he would not be able to respon aster i 

given a short session of simple reaction times to one o t esignas. 

However, it remains speculative whether such training is possi e. 

Three further theories of refractoriness should now be men- 
tioned. One is the simple view that output from neiwous 
system is withheld while feed-back information is being handled, 
not because of the limited capacity of the perceptua sys 
because a new output may blur environmental changes. Xhis 
is most clearly seen in compensatory tracking, ^ ^ „-5T,nrfe 

to be held in the centre of a sight or on the middle 
ray tube. Here any movement of the operator s 
produce a movement of the spot whi^ wi mas r i 

produced by objective target motion. Thus it may be usefuUo 
suspend response while target motion being o s 
versa. This theory is clearly not applicable t 
graded responses and therefore cannot be sa is ^ 

It raises some interesting points: V (1948) 

intermittency of tracking corrections noted by &aik 
would be more noticeable in compensatory an p 
ing. In the latter case target motion is ‘j;: 

movement produced by the operator s con ro s. pej-gtor be 

spot on a cithode-tay tube tnay move 

asked to follow it with another spot. rPoulton 1952a) 

certain circumstances superior ? fej" oTreduced 

and we might expect if refractormess high 

in pursuit tracking that *=^™p^™“ould follow such high 
frequency target motion seem to be the case 

irequencies more rapidly- , iosfi\ With pursuit 

(Chernikoff, Birmingham Jay'or 1956). W ^ 

tracking it does not seem that there is being (Noble, 

the frequency which can be followed by a human be.ng ( 
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Fitts and Warren 1955). Hut error docs increase with frequency, 
largely because the output from the man ceases to be synchronized 
with the target motion even though it is oscillating at the same 
frequency. This lack of synchronization appears in a frequency 
range varying with the individual: just below this frequency 
range, phase errors appear which last for a constant time rather 
than a constant number of qrdes of target motion. Noble, Fitts 
and Warren interpreted these results as showing that the move- 
ment of the target is intermittently sampled and an output of the 
same frequency generated. The increase of error with frequency 
is due to the constancy of the time interval beween samples. 
Thus something corresponding to refractoriness does seem to 
appear even in pursuit tracking, and the theory advanced in this 
paragraph cannot be fully adequate. But it does show that extra 
refractoriness due to feed-back on the Welford principle may 
affect tracking situations of different kinds to different degrees. 

A fourth theory is that the central processes require a brief rest 
after handling the information from each stimulus. The trouble 
with this view, as Welford has pointed out (1952, p. 2) is that it is 
an ad hoc postulate with no apparent reason for it. The writer 
does not therefore favour it, but it may yet be needed to explain 
the odd fact, mentioned earlier, that refractoriness appears to last 
a full reaction time despite the peripheral processes which account 
for part of that time. Davis (1957) has indeed suggested it as an 
explanation for the fact that refractoriness of normal length 
appears between a visual and an auditory signal, despite the 
fact that reaction time to auditory signals is shorter than that to 
the visual signals normally employed. Thus in this case refrac- 
toriness is of more than one reaction time ; it could be explained, 
as Davis suggests, by supposing that the central mechanisms 
become refractory after each item of information passes through 
them. Another possibility mentioned by Davis is that the extra 
time is occupied in shifting from one channel to the other. 

A fifth theory may now be mentioned, which appears in a paper 
by North (1954). This is the view that no stimulus can act 
instantaneously, but rather that there is a continuous sequence 
of changes at the sense-organs and each decision to respond is 
taken on the basis of a sample of these changes over a finite period 
of time. At a simple level this seems to be entailed by the fact 
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that activity will be proceeding in other sensory nerve fibres, and 
that the occurrence of an environmental event can therefore be 
confidently detected only by comparing the activity in a group of 
fibres with that in other fibres over some small period of time. 
Once the activity has remained different for such a period of time, 
it may be attributed to the environment rather than to chance. 
Some success has been achieved in deducing various psycho-phy- 
sical relationships from such a view (Gregory 195G). ^ 

On a more complex level, the waveform of speech arriving at 
the ear forms a sequence of events to which discrete responses 
are made. There is some evidence that several successive 
changes take place before a decision is reached : for examp e, 
an artificially generated burst of noise is followed by a vowe i e 
group of harmonics, the sequence of sounds is heard as a p osive 
consonant and vowel. The particular consonant heard depenas 
on the central frequency of the burst of noise: but it also ® 
on the vowel which follo^vs (Liberman, Delattre^ and Cooper 
1952). The reason is, briefly, that in making a plosive consonant 
the mouth takes up a position which vanes with the con • 
On the succeeding vowel being articulated, ° , 

move to a new position and the harmomra soun e i . . 

will show this ‘ transition ' as it is “lied, at ei 
(Cooper, Delattre, Liberman, Borst and Gerstman )• 
the listener’s point of view, this means that a *^9““ 
represents the ‘ stimulus ’ for the consonant and v , 
one cannot separate out the ' stimulus drew 

Again, it will be remembered that Cherry »nd Jay “r dr™ 
attention to the impairment of the ® ^ 

caused by switching the speech on and off at . . .jjj, 

complete 3 e/s. We interpreted thb also as an 
sampling the incoming sensory information or nature 

If the listener makes ^ree decisions P't ^cond as « ^ 
of the sounds he is hearing, basing caj e i 
5 sec long prior to making the decision ' ' p„iods of 

cent correct decisions when the speech « empty and half 

more dian i sec. That is, half his sample ™P^^p,i„n, 

full. At the other extreme, very short an ^ information, 
"ill leave each sample with an adequate , closely 

as the speech sounds do not change >er} P 



280 PEUCEPTION AND COMMUNICATION 

Spaced interruptions will not cause any particular sounds to be 
missed altogether. The number of correct decisions will be 
minimal when each sample conmlns all its information con- 
centrated in one half of the sampled time: and this, as we have 
said, is when the speech arrives in samples of about | sec in 
length. 

In the reaction time situation, we might suggest that the in- 
coming information can only enter the perceptual system in 
segments of a given length — say ^ sec to agree with the results 
of Cherry and Taylor. The minimum reaction time will then 
occur only when the stimulus arrives towards the end of a 
segment. In such a case the reaction time will equal merely the 
sensory and motor conduction times plus the central decision time, 
the latter depending on the probability of the signal. 

If the stimulus occurs earlier in a sample there will be an extra 
time added to the reaction time, owing to the delay before the 
sample enters the perceptual system. This will affect the 
variance of normal reaction times, which does not in fact behave 
as one would have expected on the simplest informational model 
(Hick 1962). In reaction time situations, however, it may be 
possible for a prepared individual to close his sample just after 
the end of the fore-period: that is, just after the stimulus. Any 
succeeding stimulus will necessarily fall in the next sample, and 
therefore receive an extra delay equal to the length of the sample 
minus the interval between the two stimuli. With the suggested 
sample length of \ sec, this will account for the various data we 
have mentioned on refractoriness in ungraded responses. It 
need hardly be said that if the two stimuli fall in the same sample 
the second can receive a normally rapid response, but that this 
will involve a slow reaction to the fimt stimulus. 

Bearing in mind our discussion of individual differences in 
Chapter 7 it will be realized that the length of sample is likely to 
be different in different people. Welford indeed suggests (1962, 
p. 15) that refractoriness is longer in older people. If the random 
activity of the nervous system is greater in older people, they 
might indeed find it desirable to adopt a longer sampling time 
for incoming information; this is according to the view that this 
time allows the signal to be distinguished from its random back- 
ground (Gregory 1956). Older persons were also noted in 
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Chapter 7 as behaving like intraverts in certain ways. Little 
can be said about possible individual differences in refractoriness 
beyond remarking that most of the experiments seem to have been 
done on very small numbers of subjects, and any individual 
differences would be very disturbing to the generality of the 
results. 

This view is essentially a modification of Welford s. It has 
two advantages: first, it allows grouping of stimuli without 
reversal of the order of response, since the capacity of Ae decision 
process is not the only factor limiting the speed of information 
handling. Secondly, it explains why refractoriness^ lasts a fu 
reaction time and not merely the central organizing time . it oes 
so by regarding the equivalence of sampling time and visual 
reaction time as a coincidence. Other reactions with different 
sensory and motor conduction times may well show the same 
period of refractoriness. All in all, this is the view w ic t e 


writer thinks most probable. . , , 

But there are weaknesses in this view as compared with the 
original one of Welford. First, no clear explanation is given or 
the man’s ability to close his sample after the first signa . ^ 

the triple refractoriness found in step-tracking is no y 
handled: Welford allows feed-back information to occupy 
central processes for a mere 0-15 sec, which is ® nccimie a 
our supposed sampling time. One might possi y ^ 
different sampling time for proprioceptive m oma 
probably suggest that the refractoriness i® i" f^nm the 

feedback, but to a decreasing periodicity of the samp g ^ 
time of the first signal. A signal near the en o ^ sienal at 

after the first signal will show no if this were 

the beginning of the second sample will, an so . ^ 

so, it should occur also in experiinente g gnd longer 
and fee is littie sign of that than Jth 

reaction times with inter-signal interya reliable one. 

0-60 or 0-40. But the finding is hardly a l^ge o j^ted 

In summary, refractoriness fa ^ 

capacity on all the theories advanced. 

the human being acts as a single -j succession. It 

therefore cannot deal with two signals m p capacity 

may be that he can train himself to act as several lower cap 
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channels in independence; but this has not been proved. Thus 
in skilled performance the same questions of selecting information 
for action and discarding irrelevant data, which we have con- 
sidered throughout this book, will be important. 

Anticipation 

Because of delays due to sensory and motor conduction times, 
to the limited capacity of the system which connects them, and 
possibly to the segmentation of incoming information, response 
is bound to lag somewhat behind events at the sense-organs. 
Any means of cutting down this lag is highly advantageous biolo- 
gically, and various means are in fact adopted in human skilled 
performance to do so. These means are usually grouped under 
the name ‘ anticipation though that name may carry some 
overtones which are unintended. Some of the aspects of antici- 
pation have been mentioned earlier, since they were relevant to 
results discussed in previous chapters. 

In the first place, it is possible for information necessary for 
subsequent actions to arrive while other actions are being carried 
out. That is, sensory and motor conduction times can overlap 
as we suggested in the last section. In a rough sense this has 
been known since the early studies of Bryan and Harter (1899) 
on the performance of telegraphists, and the analysis of processes 
such as reading aloud (Vernon 19B1). It is notable that tele- 
graphists are not writing the words corresponding to the sounds 
reaching their ears, but rather previous words. So also the 
reader is not fixating the words he is saying, but later words. 
However, there are pauses in writing and speaking, and possibly 
the analysis of incoming information might take place during those 
pauses. Detailed examination of skilled performance shows that 
this is not so. Thus Leonard (1958) required subjects to make a 
series of hand movements from a central point to outer points 
and back again. In one condition the outer point to be touched 
next was signalled at the time when the central point was touched: 
in another condition the next outer point was signalled as the last 
one was touched. Thus in the second condition the information 
was available at a time when a movement to a known point (the 
centre) was still to be made before the information was used, 
whereas in the first condition the information was to be used as 
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soon as possible after its arrira!. Measurement of the time 
spent at the centre showed that the second condition reduced 
this time sharply: thus the information was certainly being taken 
in and processed sooner when it was presented sooner. ut e 
other times spent at the outer points, or in transit etween c 
points did not increase correspondingly: thus the processing o 
the incoming information tt'as overlapping ^\■lt movemen 
the hand back to the central point. . - . 

There arc limits to the extent to whicli this overlapping is ^efu . 
Poulton (1954) showed that when a senes of signals is amv g 
for a series of responses, it is rati.er harmfni to pr°v^ *a 
signals more than one item before the response to w i 
appropriate. It will be remembered Chapter 9 fhat j^n 

another of Poulton's experiments (1953b , when a s nes of .t^s 
was presented and resplse did not begin untd ha^way through 
the series, there was considerable respond 

other hand, it was quite possible to receive ha 
to it, receive the other half, and respond to ’ within 

the number of items which can be he d m ^‘ote 
the organism is much less if _a continuous ser o 
responses is in progress than if the input Starti by each 
tion can proceed alternately, the store j jl,g jnforma- 

output. Is we put it in Chapter .s well 

tion passes through the P ays*'*" “ . . fore input and output 
as when it arrives or is recirculated, t 

cannot be completely overlapped. j g of 

The difficult is of course connected "P'^uniry to 

information which is left in the S ^ at too high 

enter the P system: input and output often taUP^^ 
a rate to allow recirculation outgoing items 

intervals between the passage of incoming 
through the P system. But at ” several items. This 
there is much less difficulty m g ^ number of 

can be conveniently demonstrated oy ^ which a victim 
playing cards face up, and finding me as ssndom order by the 
can name these cards when pointed ou cards one or two 

experimenter. If he is now asked to n ^.^nnot do so at the 

steps behind the experimenter’s pointing, however, 

same rate. If the rate of choosing cards is 

19 
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he can manage to keep several cards behind. This has been shovm 
more formally by Poulton (1954). It means that the rate of trans- 
mission of information through the man decreases when naming 
behind the experimenter’s pointing, as compared with the case 
of naming while he points. 

The fact that the limited capacity P system is used for output ^ 
well as for input thus limits the value of this first kind of antici- 
pation. It is sometimes called * rcccptor-eflfector anticipation 
or more briefly ‘ the eye-hand span *. But the reason why items 
must pass through the P system again when leaving the organism, 
having already passed through it when entering, is by no means 
clear: this point was passed over hastily in Chapter 9 although 
the observant reader may have noticed it. It was reasonable that 
continual recirculation through the P system should be necessary 
when holding items in immediate memory for a time longer than 
that possible for the S system. But there is no apparent advantage 
in passing outgoing items through the P system : on the contrary, 
there are the disadvantages of interfering with recirculation of 
other items and with the reception of fresh information. The 
fact remains, that although a man can easily remember a six- 
digit number, he will find it very difficult to repeat back rarvdom 
numbers six digits behind a speaker who reads them at a rate of 
two per sec. Thus output must interfere with input ; the difficulty 
is why ? One might, as in the case of refractoriness, appeal to the 
importance of feed-back information about the progress of 
response. Possibly the P system is occupied not by the outgoing in- 
formation but by the monitoring of response to ensure that it is in 
accordance with intention. But this is made rather unlikely by the 
next broad category of anticipation to be discussed, and we will 
therefore return to the problem of overlapping irrput and output 
after we have examined this second category of anticipation. 

This is the phenomenon known as ‘ perceptual anticipation 
When a tennis player strikes a ball, the stroke is not controlled by 
information coming from the ball at the instant when the racket 
reaches it. Nor is receptor-effector anticipation sufficient to 
bring about success: the eye indeed records the position of the 
ball well in advance of the movement, but the position is not that 
at which the blow is struck, because the ball moves during the 
reaction time. The movement, however, obeys rules which the 
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player has frequently observed to be followed previously: the 
stimulus ‘ ball leaving the opponent’s racket along a certain type 
of path ’ is followed by a sequence of stimuli which has occurred 
previously. Response to the last member of this sequence is 
initiated before the whole series has occurred objective y. so 
that response and event occur simultaneously and the rac et 

strikes the ball. . . , 

This is the form of anticipation which has been mentioned 
previously. Its importance is shown by the fact that trac ng 
performance on a target moving with simple harmonic mo ion, 
and no opportunity for receptor-effector anticipation, wi s 
lag between input and output. Repeated experience ° 
target-motion, however, will abolish this lag ( ou on 
Furthermore once this stage has been reache trac P 
formance is not seriously affected by 
objective momentary interference with vision ( ou 
The objective occurrence of the sequence of 
necessary; it can be filled in subjectively provi e 
members are observed. . which 

The possibility of thus attaching f ^thc verv lone 

have previously occurred is doubtle^ the 
aye-hand spans which occur in practised tas s w ^ 

probabilities of events are not equal. For ^ 
graphist taking down plain language may e ^ ^ 

behind in his writing, despite the fact 
random sequences of stimuli at high rates ^ 
only a few items. A long sequence of word , however. 
m this sense, and thus in such a msk th y 
extend over considerable periods of time. ^ system 

This immediately raises the question o nU„ijt be that in 

during this time. From what ^ from the first is 

dealing with a sequence of events the 1 initiate a 

passed through the P system, th^ this ,^i,fr ,i,ese 

series of responses; and that the P sys j„yst be detected to 
responses until such time as another language, we 

produce another series of responses. words, predicts the 

might guess that the telegraphist hwrs ^ of English and the 

remainder of the sentence from his know S ^ whole 

topics usually discussed on his line, an s 
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sentence. Most of the time his attention is occupied, we might 
say, with his writing: he interrupts it from time to time to listen 
to a few more words and so keep his transcription in correspon- 
dence with the real message. On such a view the skilled man 
with a long eye-hand span is performing rather like the man who 
repeats digits several places behind the person speaking them, 
if they are said very slowly. Perceptual anticipation would thus 
allow the elimination of lags in response, and make the task 
independent of the objective occurrence of external events. It 
would also make it more possible to combine the task with other 
tasks, since reduction of the total demand on the P system would 
allow other items of incoming information to pass through it. 
It will be remembered that it was found by Broadbent (195Ga) 
for the multi-channel listening case, that practice on one channel 
reduced interference with another channel except at the actual 
instant when items of information arrived simultaneously on 
both channels. So also Bahrick, Noble and Fitts (1964) found 
that practice in responding to a regular series of stimuli allowed 
that task to be combined more effectively with another ; whereas 
practice had no such effect when the series had no regularly 
repeating character. 

It may be questioned, however, whether this is all the benefit to 
be drawn from perceptual anticipation. It may be that feed- 
back on the progress of response need not be continuous: that in 
perceptual anticipation the demand on the P system is reduced 
not only because fewer items of incoming information need be 
handled but also because fewer items of outgoing information 
need be the concern of the P system. If this were so the inter- 
ference of a practised task with another task would depend chiefly, 
not on the complexity and time-consuming character of the 
movements demanded by the practised task, but rather on the 
signals from the environment which originate those movements. 
Thus if two men were trained to respond to light signals, one by 
pressing a key and the other by typing out a nursery rhyme, 
sufficient training might nearly equate the amount of interference 
showed on some simultaneous task. This point requires further 
and rather more laborious investigation. 

Why, on such a view, should the P system be used in response 
at all, since it is not necessary to handle feed-back information ? 
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(This of course does not necessarily imply that there is no control 
of response by sensory feed-back, but only that that information 
does not pass through the P system : rather as the control of room 
temperature by a thermostat does not require the occupant to 
take any action after the first setting of the thermostat.) One 
might suggest that when the sequence of responses is 
frequent one the P system is used to ensure that the or er wit in 
the sequence is correct. On such a view the passage o in 
tion through the system during response (the ‘‘i 

was mentioned earlier) has nothing to do with feedback but only 
with the initiation of response: just as in a computing mac , 
there may be sub-routines for common 
which will run themselves off once initiated. uc su ^ 
vdll still need to be started off in the proper sequence. 

this is a topic which deserves further experiment. 

In summary, anticipation falls into two varieties. One ot th 
receptor-effector anticipation, is limited by the ac 
and output from the organism are to some extent P 
Thus at high rates of ^ansmission of informa Uon 
man, there cannot be too large an amoun wi lower 

system at one time; the eye-hand span must be short At mwer 
rates the span can be increased by using the s intervals 

method of recirculating through the antici- 

m the arrival and departure of informa ■ and 

ration, on the other hand, depends on lo ^asis^of the 

greatly lessens the demand on the ,ically equivalent 

fact that human beings can be treated as m themselves to an 

to communication channels, since they a loneer to elicit 

optimal coding, and thus improbable signals take long 
response than probable signals do.* 

Speed and Load . . v is only one 

So far we have been considering skills in ^ jn which 

source of signals. But there are very P cotton looms, 

this is not so : in flying an aircraft, football game there 

driving through traffic or attemptingtoscor 

are many sources of information eac , elaboration later.) 

(The concept of ‘ source ’ ^viIl require further 

^ . ■ ^Jv-nbyPoultontiy*/;. 

* A more detailed review of anticipation is 
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Experimentally, this situation can be examined by setting up a 
display consisting of a number of dials, each bearing a pointer 
and one or more fixed marks. When the pointer on a dial is 
touching a mark, a simple response is required. The speed of 
rotation of the pointers on the various dials must be different, as 
otherwise the sequence of signals would repeat itself: and the 
effects on response of varying the nunaber of dials and the average 
number of signals per minute can both be studied. 

In such a task there are effects from altering the number of 
dials even with the same number of signals per minute: and 
from altering the signals per minute even with the same number 
of dials (Conrad 1951). To consider the latter effect first: as the 
demanded rate of response increases, it is not surprising to find 
that more signals occur without receiving a response. It is more 
unexpected that the rate of response does none the less increase : 
in fact it is not impossible for a man faced with a very rapid 
series of signals to respond at a rate which is faster than the rate 
of signalling used in a previous or subsequent experiment on the 
effects of lower rates. Yet in the other experiment he still did 
not produce a perfect performance, since his responses were then 
at a rate even slower than the signals. 

This ‘ energizing ’ effect of a high rate of stimulation is probably 
responsible for the good effects sometimes reported from pacing 
a worker mechanically (e.g. Bills and Shapin 1936). If a high 
rate of signalling is presented, the number of responses will be 
greater than with a low rate; or, probably, than with signals 
produced by the man’s own responses so that he works at his 
own speed. This is not contradictory to the statements about 
pacing in Chapters 5 and 6: there we were concerned with the 
fact that a man may, as a period of uivpaced work increases, keep 
up the same average by a few much slower and many slightly 
faster responses. This he cannot do when paced mechanically 
at a constant rate equal to the mean. But it is still true that if 
paced above his natural mean he will increase his mean. One 
would expect that such a benefit can only be attained at the 
expense of a proportion of missed signals even if the worker is 
fresh. These would be an embarrassment in, for instance, 
conveyor belt assembly work; they would represent unfinished 
jobs to be taken off the line at a later point and returned to the 
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beginning. In general, mechanical pacing is undesirable if ite 
rate is the same as that produced by the worker when le t to is 
own devices, as he will miss items after prolonged wor ue to 
his increased variability. This effect may be remove , as^ onra 
and Hille (1955) have shown, by such devices as pacing two 
workers by one machine; when one girl missed an item ° ^ 
moment of inefficiency, the other was able to retrieve it. 5^° ^ 
practical answer to the assembly problem (though of httle 
theoretical interest) is to put barriers across a conveyor op 
each worker so that items accumulate in a poo , giving 
which is unpaced but with the considerable ^ * 

conveyor from the point of view of the pro uc ion 
There may be some advantage in mechamca ^ 

faster than the man would naturally work, provi 
one in which missed signals do not matter. be 

The reasons for this effect of speed are not dear^ It mjght be 

an activating effect of high levels of stimu a . Ugcomes more 
that as signals become more probable so respon 
rapid. Both these views are of 11^ 

forward in Chapter 6 when discussing ° h ?h rate! 

on vigiiance; whatever the explanation these resute at high 

of signalling are clearly similar to those at relatively 

Hfgh ratfs of signaLg produce om^ut 
little effect on the number of corresponding 

the number of responses made “rly or ^[,^ring the number 

signals, we find an effect of ‘ load , tha , . „„ minute 

of dials while keeping the total num ^ ^ Close scrutiny 

from the whole display constant (Conra , timing errors is 
of the results shows that the mechanism A late 

one which depends on the occurrence o o responses have 

response is more likely to " ..gHon: and an early 

occurred shortly before the signal m q immediately 

response is more likely when other respo , of respond- 

after the signal. The effect of this is to pr . 

log which is more constant than the ra e into evenly 

clumps of nearly simultaneous stimuli ar be 

spaced responses. (The responses, it s . v 
performed by one hand and only one a , (jg^tiy generating 
Now when a number of sources are i 
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signals tlie number of short intervals between signals goes up 
with the number of sources (Conrad 1955a; Cox and Smith 1958). 
With a large number of dials one is more likely to have two signals 
at once than with a small number, even if the rate of signalling 
from each dial is reduced by the same factor as the number of 
dials is increased. Thus the number of timing errors, and also 
of missed signals, increases when the number of sources of 
information increases. A rather curious point is that when the 
worker is provided with some control of the average rate of 
signalling, he picks the same rate regardless of the number of 
dials (Conrad and Hille 1957). This naturally means that he 
makes more mistakes at the high loads. 

A different approach giving similar results is tliat of Mackworth 
and Mackworth (I95G). Instead of using dials they used a row 
of windows, each carrying a fixed card bearing six symbols. In 
the windows there appeared from time to time other moving 
cards each also bearing six symbols. The subject had to report 
the number of similarities between each fixed card and each of 
the moving cards appearing in its window. Errors were again a 
function both of number of cards per minute and of number of 
windows. In this case there was no opportunity to observe the 
imminent appearance of a card in a ivindow, as there w’as the 
imminent arrival of a pointer at a mark in the dial experiments. 
Thus errors of timing were not relevant. The total number of 
correct responses w'as approximately (though not exactly) pro* 
portional to the product of cards per minute and number of 
windows. This useful approximation may be a source of some 
confusion if thouplif of simply as Errors — AT X Speed X Load: 
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index for the card : and aa the number of windows goes up this 
index shows more numerous sharp peaks. As we said earlier, 
with several independent sources there is a higher probabi ity o 
overlap than with few. The overlap index for any card is also 
highly correlated with the number of omissions on that card. 
The breakdown of a task in which there are a number of sources 
of information is thus largely a question of the number of tinies 
at which information arrives from two sources simultaneous y. 
However, this factor alone is not quite sufficient to explain the 
increase in errors as load increases. There is a resi ua e emen 
which may be due to some such factor as the need to search 
larger area before detecting the presence of a card. 
one may connect this residual factor with the ai ure o 
subjects to slow down the display sufficiently to compen 
their own inefficiency as the load increased. „f an 

In general, all these results fit closely into our P . , 
organism with a limited capacity adapting itself o , 
use of that capacity. As we would put it, « ter sehcts on= 

channel of .information at a time, and any nee '-hanner, 

causes failure to transmit the information. ^ 

however, is not quite equivalent to one «°“tc . channel 

has been used in discussions of speed and 

presents a number of events possessing some source in 

common, such as stimulating the same sense org . 

the load experiments presents signals " with one another. 

the same spatial position but “ttc mcompat We jUh ^ 

A pointer cannot be at two P^f ’ concentric 

window be occupied by two cards. I • [,( be separate 

pointers revolving on the same dial, y 

aources but the same channel, ^ “d the 

Thus the relation between speed and P.g|„ ^yorked out: 

filtering of incoming information is no P 

but they have much in common. 

Preferred Control-Display Relationships 

It is undoubtedly true that one when one presents 

same amount of information throug . of his control 

it in Uvo different ways. For example, i -gygral integrations 
movements appear on his display only after se^era 
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have been performed upon them — that is, after a time lag — he is 
less able to keep stable control of the situation than he can with 
a more immediate display-control relationship (Birmingham and 
Taylor 1964). Providing him with a differentiated version of the 
display, which responds at once to control movements, may allow 
perfect control even though this display does not correspond to 
any event in the real world. A familar example of the merits of 
a differentiated display is the artificial horizon, which responds to 
control movements more rapidly than the airspeed indicator and 
altimeter do: a more sophisticated example is the optimum 
display for helicopters (Taylor and Birmingham 1956). The 
point of theoretical interest is that the movements required of a 
man in response to, say, a disturbance of an aircraft by turbulent 
tv! same whatever the display provided for him. 

us t e information transmitted through him must be the same 
It performance IS successful. Nevertheless the task is easy with 
one display and difficult with another. 

his fact, which may be called the problem of coding, is one of 
■"formation theorists since it means that one 
human nTf ^ ^ theorems of information theory to 

emnlnveS ^ o™^"oo without considering the particular coding 
Slem ve " ^ "“t go into the 

wav of deafen there is probably no satisfactory 

We Ifnom r “"■i -ottainly no agreed way 

Aeorhrin H T'- '■'hi'* formation 

t T'”- than a weakness raised by some 

any oth*S laniuia(.e° '•'••'"“'t ‘o formulate the problem in 

any other language, such as that of S-R theory. 

Two points about preferred control-display relations do 
concern us, however. One is that some of the diLulties are due 

dlts?dTuTstot.“T"^ 

between control and display, the difficult/ here ma/ belhat of 
short-term storage when continuous input and u! . u. 

kept flowing. The problem has already been discussed'^in "this 
chapter; one might suggest that the effect of lags in a dfscon- 
muous task (such as aiming darts at a target) is less disastrous 
than It IS m a continuous task such as flying an aircraft on airspeed 
mdreator and altimeter alone. In the first case the output can be 
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Stored until its effect is known, while in the second it cannot. 
But, so far as the writer is aware, no experiment has been per- 
formed to compare the effect of lags on continuous and discon- 
tinuous tasks of equal difficulty. 

Another and perhaps more obvious example is the case o 
reaction times to a situation w'ell-known in the c ^si 
literature. These are reactions in which the various signals 
are independent and not alternate. Thus one mig t ave 
two lights and three keys: one response for one light, one 
for the other, and the third response for both lights simu 
taneously. The amount of information transniitted through me 
man is the same as in an orthodox three-choice situation \vi 
three lights and three keys. Yet the reaction time is ^onsiderab y 
longer in the unorthodox situation. The fact 
come into prominence because the combining o ‘ , 

indicators on cars with the brake lights transforms ° , 

into a complication situation, and One may 

reaction time (Gibbs 1952; Dunlap and Wells ^ 

suggest that this is because the information has ^ /need 
channels on all occasions, whereas in the ortho ox si . , ^ ^ 

onlybeassimilatedfromonechannehtheothersarenotm^ 

and their state can be inferred. An alternative ^s^bdity wh^h 
has much merit is that this is a change in t e i 
input signals. A given amount of information c . 
by X signals each having y possible values, ^ V P ^ 
having q possible values, so long as x log y ^ reouires a 
changed cue ^pc cf code .o other normally 
delay line in physical systems (Fano 1 )i 
that it should do so in biological ones. ^g 

Whatever the true explanation “f information 

bnd of system we have been postulaUng giving in others, 

presented in some ways better than it wi efBcient use 

Filtering and storage of information ..7 restrictions on 
of a limited neural mechanism, but they P . ^ matter 
the speed with which items of are draVi-n), and 

now small the ensemble from which th ^ 

on the number of sensory channels by ^jjjg to note that 
hcularly when they arrive quickly). It handling as the 

Quastler (195G) puts similar limits on inform 
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result of attempts to determine maximum rates of transmission 
through human beings. The rate, say in typewriting, is sub- 
optimal either with very small numbers of keys, to be hit exceed- 
ingly rapidly, or with very large numbers, which cause confusion. 

Perhaps more important is Ae question of abolishing coding 
difficulties by training. Many of the instances in which tasks 
take unduly long to learn can be explained as the result of long 
attachment of some different response to the stimuli presented. 
For instance, if we see a dial giving too low a reading and are 
asked to correct this with a knob, we normally turn the knob 
clockwise. If we are driving a strange car, and wish to turn to 
the right we normally turn the top of the steering-wheel to the 
right. (For a number of experiments on this subject, see Chapanis, 
Garner and Morgan 1949.) A particularly good example is that 
if we compare several spatial arrangements of display and control 
we find that some patterr^s are better than others’, but that each 
pattern of display is better with the same pattern of control 
(Fitts and Seeger 1958). Indeed it may be possible to improve 
efficiency on a task by replacing a normally good display by a 
bad one, as long as the control is also the particular bad one 
which suits that display. This effect is known as ‘ stimulus- 
response compatibility A clue to the learned nature of many 
preferred control-display rdationships is found in the fact that 
Americans normally assume a toggle-switch, such as a wall- 
switch for an electric light, to point downwards when it is off. 
Englishmen assume the opposite, most switches in England 
operating in the opposite sense to those in America. In this case 
the preferred direction is built up on a conventional basis, but in 
many cases it is inherent in the physical nature of everyday 
experience (Gibbs 1951). Every time h’C pick something up or 
point at it, we strengthen the tendency to make a movement 
to the right to reach something seen at the right. 

Such relationships can be reversed by training. Many cars 
have door-handles which work in the opposite direction to those 
in houses, but the ouTicr of the car does not lock himself in when 
he tries to get out. His passengers may, but he has had sufficient 
training to reverse the normal response. How far does this 
possible reversal with retraining make it unnecessary to change 
display-control relations in industrial practice ? 
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There are two dangers in relying on training to reverse an 
established habit. In the first place, we have seen previously 
that a given level of performance may be due partly to long-term 
and partly to short-term storage of information. When an o 
habit is replaced by a new one, it is the latter which most ene ts 
from the short-term storage. But short-term storage ® 
limited capacity: any irrelevant incoming information w ic 
succeeds in passing the filter will interfere with storage o t e 
new habit. Thus under distraction or similar stresses there may 
be reversion to the old way of performing the task, even thoug 
stress-free performance is satisfactory. ^ 

This danger could be overcome simply by giving ar 
practice, until the new relationship is also stored m t e 
store — overlearned in the traditional phrase, t is 
whether Englishmen living in America are undu y . 

light-switches after a learning period in relation 

causes reversion to the old pattern. But when ' . jj 

to be learned is one which contradicts everyday p 
cannot be established unconditionally m the , ..fg 

Even after much training as a pilot one canno a fuU^ved 
*e ground on the assumption that ev^ actio H b 
by a lag before its effects appear. Thus be ca^rt 
performance in the air must be kept m opera ^ ^ . . Q„(.e 

storage of the fact that ' this is not the disruption 

2gain, interference with short-term storage y 
of the established performance. ■u.-iit;,, has not been 

The relative importance of these two pos training on 

assessed: but certainly it has been shown *bat ^ter 
an abnormal control-display E" “l^ctory under norma! 

than normal under stress even though s 
conditions (Vince 1950; Garvey 1967). 

CONCLUSIONS 

1 . ’It- no bv modem re- 
The picture of skilled performance gjj and environ- 

searches is one of a complex interaction e w correct cues 

^ent. Continuously the skilled man must sei 

from the environment, take decisions up . . ggnuences of 
possibly involve prediction of the future, ^ either through 

tasponses whose progress is controlled by feed-bacx, 
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the original decision-making mechanism, or through lower-order 
loops. The processes of filtering the information from the 
senses, of passing it through a limited capacity channel, and of 
storing it temporarily are only part of the total skilled performance. 
But they are of the same general nature as the other processes 
involved, and harmonize with the broad view of skill which is now 
developing. 



CHAPTER 12 

RETROSPECT AND PROSPECT 

We are now nearing the end of our journey, and have finished 

discussing experimental results- In each field examined ^^e a\c 

tried to follow the plan of first stating the factual results and the 

broad generalizations resulting from them: then going on to t e 

various theories met with in that field, and the expenmen 

supporting or disproving those theories. More tentative ' 

have tried to choose the most probable theory or com 

of theories, and finally to advance rather speculatii^ wp ana 

for the remaining inadequacies of the theory. 

progress has various disadvantages. * r j .1.3^ 

for the reader to plough through masses of data _ 

about the generalizations which those results 1 

also be unclear how the conclusions in different P ^ 

related. More serious, by this stage in the arg^oac f-„j,ded 

little unclear what conclusions are to be regarded as 

and what is merely a tentative conclusion for u -v-ptcr js to 

For this reason the first step to be taken in this last chapter 

put together formally our main conclusions. 

SUMMARY OF PRINCIPLES 

(A) A nervous system a(^ to having 

*uunication channel, so that it is meaningful to ret 
a limited capacitv'. . „„ ,1,- innut to this 

(h) A selective operation is performe “P . information 

channel, the operation taking the fonn o j^on. Phpica! 

from all sensor^’ events having some featur selection include 
ffaturcs identified as able to act as a basis , 

intensity, pitch, and spatial ‘ nd the probability 

(C) The selection is not completely ran * increased by 

a particular class of events being sc „rtain states of the 
'^rtain properties of the events and } 

organism. . , . probability of 

( 1 ^) Properties of the events which mcr 
297 
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the original decision-making mechanism, or through lower-order 
loops. The processes of filtering the information from the 
senses, of passing it through a limited capacity channel, and of 
storing it temporarily are only part of the total skilled performance. 
But they are of the same general nature as the other processes 
involved, and harmoniae with the broad view of skill which is now 
developing. 
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RETROSPECT AND PROSPECT 

We are now nearing the end of our journey, and have 
discussing experimental results. In each field examine w 
tried to follow the plan of first stating the fartua resu ® 
broad generalizations resulting from them. en ° . 

various theories met with in that field, an ^ 
supporting or disproving those theories. ore 
have tried to choose the most probable theo^ or . 

of theories, and finally to advance tather specu a ive P 
for the remaining inadequacies of the t eory. difficult 

progress has various disadvantages. J c (-ijar 

for the reader to plough through masses of f ^ befo e he s ckar 
about the generalizations which those " 

also be unclear how the conclusions m diffe ent cha^tera are 
related. More serious, by this stage m 'he a g ^ffif^unded 
little unclear what conclusions are to e reg experiment. 

r -« - » 

put together formally our mam cone usi 

SUMMARY OF PRINCIPLES 

(A) A nervous 
munication channel, so tnai 

a limited capacity. oerformed upon the input to this 

(B) A selective of Electing information 

channel, the operation ta g feature in common. Physical 

from all sensory as a basis for this selection include 

• features identified as able localization of sounds. 

the intensity, pitch, ^pletely random, and the probability 

(C) The selection IS not comp ^ y increased by 

of a particular class o ^ states of the 

certain properties or 

organism. ^ffich increase the pft 

(D) Properties of the 



296 PERCEPTION AND COMMUNICATION 
the original decision-making mechanism, or through lower-order 
loops. The processes of filtering the information from the 
senses, of passing it through a limited capacity channel, and of 
storing it temporarily are only part of the total skilled performance. 
But they are of the same general nature as the other processes 
involved, and harmonize with the broad view of skill which is now 
developing. 
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on the channel is an informational one and not simply one of 
a number of simultaneous stimuli.) 

(J) A shift of the selective process from one class of events 
another takes a time which is not negligible compare w 
minimum time spent on any one class. 

Of the above principles, (E) and (G) are t e mos , 
The remainder seem to the writer to be reasona y we 
the doubtful ones were included in their logica or er r -tjier 
of completeness. Certain other possibilities are 
investigation, but cannot be regarded as even en a y 
lished. These include: , . . • from 

(K) There is a minimum time during which i^om 
one class of event is sampled before any action i 

(L) This minimum time is shorter in 

verted, by Eysenck’s operational dcBnitiono pmbable 

An information-flow diagram incorporating 
principles is shown in Fig. 7* 




— 





: \] 


‘‘^1 


^ 1 





1 J 


~ ^ f jUg oreanism, as con- 

Kg. 7. A tentative information-iliw diag^ includes many of dm 
ceived at the present time. This i ^g^gnt years : it vovera 
views put forward by various work^ Deutsch's and Otticys 
Brown’s research on inunediate rne gjjj fefractonn^s as 

on learning and the work on an -^g and prolonge per 

well as that on noise, multi-channel listening 
formance. 

Major Implications of These Principles , , it may be urged 
Now that these principles are stated t us a ^ t 

that they are not particularly surprising. consciously 

attention is limited, that noises Imbered for a short 

rehearse any "tatter which m^t be putting these f«iy'- 

period, and so on ? What gam is there ir already 

day experiences into this stilted languag 



298 PERCEPTION AND COMMUNICATION 
the information, conveyed by them, passing the limited capacity 
channel include the following: physical intensity, time since the 
last information from that class of events entered the limited 
capacity channel, high frequency of sounds as opposed to low (in 
man), sounds as opposed to visual stimuli or touch as opposed to 
heat (in dogs). 

(E) States of the organism which increase the probability of 
selection of classes of events are those normally described by 
animal psychologists as ‘ drives *. When an organism is in a 
drive state it is more likely to select those events which are usually 
described as primary reinforcements for that drive. Thus food 
has a high probability of being selected if the animal has been 
deprived of food for 24 hr. In addition all classes of events 
which have previously been selected closely before such reinforcers 
or before events leading to such reinforcers (see Principles (F) 
and (G) ) are more likely to be selected in future. 

(F) Given that two signals have been selected one after another, 
the conditional probability of the second given the detected 
occurrence of the first is stored within the nervous system in a 
long-term (relatively slowly decaying) store. 

(G) In accordance with Deutsch’s postulates, when an animal 
is in a drive state it will indulge in appetitive behaviour until one 
of the temporarily high priority events occurs at its sense-organs. 
Its behaviour will then vary in such a way that it receives that 
ordered series of stimuli which, from a count of past conditional 
probabilities, has the highest probability of terminating in the 
primary reinforcement for that drive. 

(H) Incoming information may be held in a temporary store at 
a stage previous to the limited capacity channel : it will then pass 
through the channel when the class of events to which it belongs 
is next selected. The maximum time of storage possible in this 
way is of the order of seconds. 

(I) To evade the limitations of (H) it is possible for information 
to return to temporary store after passage through the limited 
capacity channel: this provides storage of unlimited time at the 
cost of reducing the capacity of the channel still further and 
possibly to zero. (Long-term storage does not affect the capacity 
of the channel, but rather is the means for adjusting the internal 
coding to the probabilities of external events; so that the limit 
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been formulated by the classical introspective psychologists: 

•why is time and effort wasted on rephrasing them ? ^ 

There are two answers to this objection. First, it is indeed true 
that the principles lead to no prediction which is contrary to every- 
day observation. It would be a poor set of scientific principles 
which did do so : though it is not uncommon for psychologists to 
feel that they ought to contradict common beliefs about behaviour. 

But secondly, as a matter of history it is not true that these 
principles are obvious nor that they were adequately formulated 
by classical psychologists. It is quite possible to say that men- 
talistic statements are consistent with them: to say that our 
limited capacity single channel is to be equated with the unitary 
attention of the introspectionists. Indeed, the writer believes 
that the one is simply a more exact version of the other. But a 
view of attention as unitary might also be taken to mean that a 
man cannot perform two tasks at once: which experimental 
evidence shows to be untrue. A view of noise as distracting 
might be taken to mean that card-sorting or mental arithmetic will 
be worse performed in noise; which they are not. It is worth 
listing a few of these conclusions which are by no means obvious. 

(1) The interference between two tasks will increase as the 
probability of the stimuli in each decreases : two highly probable 
stimuli will hardly interfere with one another. 

(2) When relevant and irrelevant stimuli are arriving together, 
distinguished by some features common to all the former and 
none of the latter, performance will be greatly assisted if these 
features are of certain kinds. (That is, if they are amongst those 
on which the filler can operate.) 

(8) The effect of prolonged work and also of continuous 
distracting stimuli udll be greatest at the end of the work-period, 
and will consist of intermittent failures in the intake of informa- 
tion. Tasks in which a great deal of perceptual anticipation is 
possible will therefore not show such effects. 

(4) When two groups of stimuli arrive simultaneously at the 
sense-organs, the probability of efficient reaction to one of them 
will fall off very rapidly with the interval between its arrival and 
the end of the other group, provided the other group has to 
receive a prior reaction. But immediate memory is not normally 
vciy sensitive to time. 



RETROSPECT AND PROSPECT 

(5) The most difficult of a series of items held in immediate 
memory will be nearer the beginning of the list if the presentation 
rate is fast and the recall rate slow, and nearer the en i e 
reverse is true. 

These conclusions are not exhaustive, but they i ustra e p 
which have certainly not been proved in previous accoun 
attention. Admittedly some of them may have been s ^ ^ • 
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the time) of direct testing have nevertheless proved of great 
scientific value; for example, Helmholtz’s resonance theory o 
hearing or for that matter Rutherford’s telephone theory. 
Additional point is given to this example by the fact that these 
theories are now known to be only partly true . yet no o y cou 
deny their contribution, which has largely resulted m our knowing 
the facts which prove them insufficient. 

When dealing with macroscopic events statements abou 
unobservables are not necessarily mystical or scientifically useless. 
The clues to the value of such a statement are, first, tte degree o 
exactness in the statement, and secondly the 
assumption of causality between r ° ^ „„tion 
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non-positivistic approach, and attempts to find out what happens 
inside the organism. It may also be doubted whether the use of 
terms from communication theory has been of value ; and whether 
the inductive approach ending in qualitative principles is perhaps 
inferior to a hypothetico-deductive approach starting from 
quantitative postulates and proceeding to numerical predictions 
which can then be tested. Of these three objections the first 
two are specific to this field, while the last raises general questions 
of scientific method, and will be left till later. 

Psychologists are nowadays chary of postulating events within 
the organism. In this attitude they can look for support to modem 
physics, which also has had to take into account the relation 
between the process of making observations and the concepts used 
in theorizing. In addition it may be thought proper to strike out 
a separate field for psychology, peculiar to itself. The nervous 
system is the province of physiology; psychologists should study 
behaviour and are entitled to seek out regularities in that field 
just as, say, biochemists do within their own field of observation. 

But there are certain differences between the cases of physics 
and psychology. In the former science certain concepts may be 
inherently unobservable. It seems likely that no conceivable 
observation can overcome the uncertainty about the position and 
velocity of an electron, since determining one disturbs the other. 
Events within the skull are not inherently unobservable : they are 
merely inaccessible to our present techniques. The proper 
analogy for the most speculative statements in psychology is not 
with, say, a proposition about velocity through the ether, where 
there is some doubt whether the proposition is meaningful. It is 
rather with propositions about mountains on the other side of the 
moon, which are perfectly meaningful but rather difficult to test. 
The mountains are as difficult to observe as the velocity, but the 
reasons for the difficulty are purely technological. 

Another example closer to our own field might be the state- 
ment : ‘ The nervous message consists of a series of discrete 
pulses detectable by their electrical characteristics At first 
sight this 0 perfectly straightforward statement about observables. 
But suppose it had been made before the development of modern 
amplifiers: it would not be meaningless although it could not 
at that time be directly tested. Some such theories incapable (at 
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overtones. S-R terais press us constantly towards open-chain 
models of the nervous system, towards a peripherahsm which 
is by no means always justified. Some e^nts must 
within the nervous system; by speaking of responses \ve 
the question whether a given event is centra or ' 

Thirdly, a description of the integrative action of the nenous 
■ system in terms of information flow will be J 
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as the standard-bearers of a positivist psychology (Garner, Hake 
and Eriksen 1956). Broadly speaking, if two different stimuli 
produce the same response one is justified in assuming some 
common event within the nervous system: if some kind of 
treatment abolishes the effect of one stimulus but not that of the 
other, that treatment must act before the point at which the 
two causal lines become one. By this type of argument we can 
draw valid inferences about events which are not directly 
observable. 

The need to issue in experiments which do involve observables 
is truly essential. Statements about mountains on the other side 
of the moon are meaningful, they may be either true or false, 
but they are at the moment of little use to science unless they 
could be shown to affect, say, the tides on earth. Much of the 
discussion of cybernetic principles which has taken place in 
recent years is of the same order as discussion of moon mountains. 
Computing machines operate on a binary basis; they have 
long-term and short-term stores; servo systems seek goals by 
negative feed-back. But it is often urged that these analogies 
are of no worth unless there is evidence that organisms operate 
in the same way: and it Is sometimes assumed as a further step 
that no such evidence exists. This book has been intended to 
show that nervous systems are networks of the type shown in 
Fig. 7, and of no other type. As has been admitted, the evidence 
for parts of the system is weaker than that for others: but a 
general layout of this type is entailed by the detailed evidence 
about behaviour which w'e have surveyed. 

The same hypothesis might have been described in other 
terms, for example in those of stimulus and response. In brief 
the use of cybernetic language has had four main advantages. 
First, it has allowed us to keep the words stimulus and response 
for observables. If we were to describe the system of Fig. 7 
in S-R terms, we would need to speak of internal responses: 
this carries with it a danger common also to speculative physiology, 
that if we use words normally given an objective meaning we 
will think our theory objective even though it be wildly specu- 
lative. Unobservable responses figure frequently in modern 
S-R theories ; the writer dislikes them. 

A second and related point is that we rid ourselves of undesircd 
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now present and the others which might have been present but 
are not. This relation is. as the last sentence shows, cumbrous 
to express in any other language. But it appears repeatedly m 
the study of skill, of attention, and of perception generally as a 
matter of the first importance. If the use of information heo^ 
coneepts had no other advantage but this, they wou s 
justified. 


On the Limits of Hypathetico-deductive Method 
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detached as time went on. The physiological basis of^ an 
excitatory potential, a reflex reserve, or a cognitive map might 
be hard to recognize. 

On the other hand, psychology is undoubtedly a field large 
enough to form an autonomous science. To use hypothetical 
constructs made up from physiological terms is to lay oneself 
open to the danger of having one’s psychological theory disproved 
by some irrelevant physiological research. The most eminent 
and convincing of contemporary speculative physiologists is 
Hebb (1949): the psychological essence of his theory is that the 
perception of patterns can be accounted for by the linking of 
unit elements in the nervous system into sequences. This theory 
is worded physiologically so that the elements of the theory are 
identified as cell assemblies and phase sequences. Should a 
physiological experiment cast doubt on the latter, the psychological 
side of the theory will be in danger of being neglected : although ^ 
it may well be true even though the elements are not physically* 
what Hebb supposed them to be. Such a fate has already 
overtaken the Gestaltists : their unlikely physiology has produced 
neglect of their genuine psychological achievements. Thus 
information theory is desirable as allowing future contact with 
physiology but never assuming physiological detail. 

The proper relation between the physiologist and the 
psychologist may be regarded as analogous to that between the 
automobile mechanic and the test driver. Each of these men 
has his own domain of knowledge: no wise man will believe 
anything but the simplest assertion about a car engine before 
it has been proved on the road, any more than a wise man believes 
speculative physiology before it has been tested in psychological 
experiments. And for many purposes a knowledge of tWe 
mechanism is not essential to the driver; no more so than a 
knowledge of the problems of driving is essential to the mechanic. 
(In the scientific field, one may note, the psychologist usually 
knows much mote of physiology than the physiologist does about 
behaviour.) Nevertheless, the driver and the mechanic are 
handling the same car and ought to speak a language which can 
be applied to the problems of either. 

The last advantage of information theory terms is, as we have 
said, that they emphasize the relationship between the stimulus 
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mental result. But in practice these two prior probabilities are 
unknown, and Bayes’ Theorem is therefore somewhat unrealistic. 
To apply it, it is possible to use the more doubtful Bayes’ Aiuom, 
that when the outcome of an event is unknown each of the 
possible results is equally probable. This certainly is untrue in 
any ordinary sense of probability: but the approach we are 
advocating here might be described as a justification o ac mg 
on Bayes’ Axiom because it is the best possible strategy. 

To revert to our discussion of quantitative and quahtative 
theories, it might seem that we have cut the ground away from 
under our own feet: we have argued that quantitative e 
are preferable because verification of their pre ictions is 
convincing. This is true provided the predictions ^ 

verified; but they will not always be. Unless we h 
extra-sensory perception which allows us to se P 
hypotheses with a greater than i„ only a 

Tr^Sr^r H . ere - « hyPo;^>'- and 

we choose one for test, we will correc correctly 

occasions (assuming the impossibility o pet 

without evidence). What will we learn froni disproving our pet 

hypothesis ? That depends on the , , Topically might 

If we have formulated all the n hypot eses performed 

explain the problem that concerns us, hypothesis, 

an experiment with n possible results, verified or not. 

it will not matter much whe*er our av^ exponents of hypo- 
One of the others is sure to be. But Y hypothesis: 

thetico-deductive method formulate ony other n-1 

and failure to verify it means only SVfiich one. 

hypotheses is true, without giving ,, j i95Cb) that the 

In such a case it can be proved (Br formulate our 

optimal scientific strategy, on “y'”®f’t„otheses consistent 
major hypothesis only as the general class rr 
with u/2 of the possible fP'"”!" ,/,he eiqieriment, the 
alternative theories are formulated pr . (hem : if there are 
more restricted it is possible to make eac of the expcri- 

P theories, each should be consistent with u/lp + 1 

mental results. f-miliar form, consider the 

To put this argument in a more familiar 
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approach is inadequate unless it is recognized that there are 
other possible hypotheses which might have been tested. When 
we set up a set of postulates for experimental testing, the 
appearance of a favourable result supports our postulates only 
in so far as it disproves contradictory and incompatible postulates. 
Naturally it does not support our postulates against others which 
predict the same outcome. We may wish, very naturally, to 
reduce these other hypotheses to the smallest number we can. 
To do this means that our own hypothesis must be worded not 
only exactly (so that we can tell which experimental results would 
disprove it) but also very quantitatively (so that there are more 
experimental results which would be incompatible with it). For 
example, the hypothesis put forward in Chapter 9 predicts that 
normally speaking the point of greatest difficulty in a memorized 
list of items will be between the middle and the end of the list. 
The hypothesis put forward by Hull et al. (1940) gives a pre- 
diction of the exact item which will be the most difficult (which 
will in fact be one of those between the middle and the end of 
the list). Obviously if an experiment is done, some of the 
possible results would disprove both theories, some would be 
consistent with both; and the remainder would disprove Hull’s 
theory but be consistent with that in Chapter 9. For this 
reason a result favouring Hull’s theory would be far more con- 
vincing than one which merely supports the theory of Chapter 9. 
The former result excludes more of the competing theories; 
and this is the unrecognized reason why many people admire 
Hull s quantitative methodology, and have probably felt dis- 
satisfied with the less quanritative predictions made in this book. 
A verification of a quantitative theory excludes more possibilities 
\Via.Ti "Zi a qoiaWirhicve ^eory. 

The point is similar to the well-known principle that predicting 
an unlikely event (such as the appearance of an unknown planet) 
is more convincing evidence in support of a theory than is 
predicting a very likely one: this principle has given philosophers 
and theorists of scientific method a good deal of trouble. In the 
form of Bayes’ Theorem it is undoubtedly sound ; the probability 
of a theory after an experiment has been performed is related 
directly to the probability of the theory before the experiment 
and inversely to the prior probability of the particular experi- 
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curve seemed rather promising when a crude approximation was 
accepted, but when the details were taken seriously an enormously 
complicated ad hoc sj'stem \ras needed. This did not meet the 
test of interchangeable constants, and the whole enterprise has 
ended in a stalemate.’ So will the majority of honest attempts 
to test highly quantitative theories, because of their own logical 
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game ‘ Twenty Questions \ If we know that an object is 
mineral, and can only ask questions to be answered ‘ Yes ’ or 
‘ No it is not a good strategy to ask if the object is the third 
diamond from the left in the crown of the Queen of England. 
Admittedly a ‘ Yes ’ answer to such a question will be highly 
satisfactory: but a * No ’ answer will provide almost no suggestion 
for further advance. The best questions are very general ones 
such as ‘ Is it metal or not ? ’ In a succession of games, the 
best questions will be answered ‘ Yes ’ on fifty per cent of the 
occasions when they are asked: this is certainly not true of the 
question about the crown diamond. In the same way it is more 
useful at early stages of a science to formulate theories in such 
a way as to predict only general results, and to have few (if 
possible, no) other theories consistent with those results. The 
ideal at early stages is to perform experiments with only two 
possible results, and to say * If A occurs, a theory of this general 
type must be true; if B occurs, it cannot be *. At later stages, 
when many classes of theory have been eliminated, this will 
lead one to ask quantitative questions just as at late stages of 
Twenty Questions ’ it may be appropriate to ask the question 
about the crown diamond. 


The foimulation of highly quantitative theories must depart 
from the ideal in one of two ways. If the theory is tested by 
^periments having only two possible results, other theories 
besides the one formulated will be consistent with the result 
actually obtained. If on the other hand the experiment has a 
arge num er of possible results, then on the average quantitative 
theories will be rapidly disproved without any compensating 
a vantage: little is learned by disproving a quantitative theory. 
Hull s theorizing in its later form shows both these weaknesses. 
Cotton (1955) has pointed out that the theory gives a highly 
complex expression for particular observed relations: the experi- 
ment used to test the truth of the theory shows only that the 
observed relation belongs to a very large class of expressions 
amongst which that predicted from Hull’s theory is one. On 
the other hand, when this way of escape tvas not taken, as in the 
mathematico-deductive theory of rote learning (Hull et al. 1940), 
then the theory was rapidly disproved. As is said by Hilgard 
(1948, p. 328) ' his efforts to predict the form of the serial position 
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we have set before ourselves: it started with observations, 
considered possible explanations, and after checking the suggeste 
explanations and eliminating some, concluded with a statement o 
principles which were entailed by the whole senes of resulte. 
In other fields of science the same process can be seen- m 
chemistry elements were classified, generalizations es a is e 
about the relative weights of each involved in any reac ion, 
the atomic theory devised to explain these genera ^ 

next step was the periodic table of the elements . 

atomic weights and so to of 

structure and valency. In biology the gradua es a ‘ - 

truths concerning geographical distribution an o 
structure was essLfial to the great theoretical principle ojfthe 
Origin of Species. From the philosopher s arm ^ , ^qq 

be said that logically some genius might ^ 
years ago the principles of modern ^yer the 

deduced their consequences, and had t remains 

intervening centuries as technology advance . 
that this did not happen, for the very good «ason that 300 ye^ 
ago any other set of equally detailed P"™;P'“ished 
and therefore less ambitious theories were rs 
The proper road for psychology .s Hull (1943) 

modest Voriaing. The introductoj. chapters of Ml J 

on the value of hypotheses are soun , • systems for a 

Either we must confine our atten^n ^^gues; or we 

restricted field of behaviour, as Hi ga ( . j ,I,e broad 

must have more general, less detailed theories t 

field. In the writer’s d on an intact organism 

miniature system can never be les the scope of 

without some assumptions about matter 
that system. 

On the Status of Scientific Methodoh^ _ philosophical 

Hull (1937) compared scientific me ° as an 

speculation, to the disadvantage o ^ • . Qod no substance 

example of the latter the stateinent ^ statement is not 

ean be, nor can be conceived . urged by argument 

observationally testable and thus wn only argued, 

and persuasion. The problem of huma 
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provided that those theories are tested by predictions which few 
(if possible, no) other theories would make. 

The proper road for progress then is to set up theories which 
are not at first detailed, although they must be capable of disproof. 
As research advances the theory will become continually more 
detailed, until one reaches the stage at which further advance is 
made by giving exact values to constants previously left unspecified 
in equations whose general form was known. At this later stage 
it may be convenient for teaching or expository purposes to 
reverse the logical process by which knowledge has been gained : 
to state a set of postulates and deduce from them the facts known 
to be true from experiment. But this is merely an expository 
device. It is a highly inefficient strategy to state postulates and 
deduce predictions unless the postulates have been reached by 
the gradual narrowing down of possibilities. 

The history of science bears out this argument. It is very 
surprising that Hull (1943, p. 7) should set up Euclidean 
geometry as a model for the scientific endeavour: geometry is 
of course a logical exercise without any necessary correspondence 
with reality. It may be useful practice in rigorous thinking to 
deduce the exact consequences of a set of arbitrary postulates, 
but it is not science. \^ere adequate explanations of objective 
events have been reached, it is rather by a process of narrowing 
down the possibilities like that we have described. The example 
of Newton’s Principia, given by Hull, is misleading; while it is 
indeed true that that great work was written in geometrical form, 
it was based on centuries of previous advance in which competing 
theories had been eliminated. The history of astronomy is 
older than our records, and had issued by Newton’s time in 
well-established lower-order theories such as Kepler’s formulation 
of the elliptical motion of planets. Furthermore, the expository 
technique of the Principia is not that of Newton’s own earlier 
work, such as that on optics. It seems likely that he was forced 
away from his own conception of scientific method by the pressure 
of rather backward-looking criticism from those who surrounded 
him (Burniston Brown 1950). Rather than regard the geometric 
form of the Principia as the ideal, it might be plausible to call it 
a relic of the scholastic age surviving into that of modern science. 

Newton’s New Theory of Light and Coloitrs followed the plan 



UETUOSPECT AND PROSPECT 315 

Spence seem suggestively similar to those we have advanced, 
when allowance is made for a due process of translation. It 
would be unwise tn magnify the differences, which are to a great 
extent of the same kind as those between arable and roman 
numerals, or the various early notations for writing calculus. 
As these analogies show, this is not to say that one language is 
as good as another; the writer believes that cybernetic language 
is as great an advance over S-R terminology as arabic over roman 
numerals. But the important thing in arithmetic is the correct- 
ness of the calculation, and the important thing in psychology 
is the structure of the relationships between the various theoretical 
concepts, rather than tlic words used as labels for t em or t e 
mode of presentation employed. 

Appreciation of this unimportance of language as oppose o 
meaning should be reciprocal: when S-R 
explanation of reasoning in terms of sequences o 
responses, it is not a victory for that theory^ 
lation of tlic position of cognitive theorists into a different 
language. Both Hull and Spence seem to ^ 

appreciation of the distinction between words an ' 

but it is to be suspected that some of their suppor which 

There is a second reason for emphasizing the 
adopting, say, the hypothetico-deductive ® Loved correct 
choice rother then something which con j 

This is that it gives us more understanding o and 

stake between those who believe m the scienti PP 
those who do not. Hull challenged those "'ho do not 
explain human behaviour in the same term non-physical 
phenomena to produce a testable sysKm bas d on "on Phys 
postulates. But this was a misunderstanding. 
mjeet the whole conception of testa e opposed by 

This position cannot be proved incorr , scientific 

persuasion, argument, and the testimony practical 

method in the lives of those brought up 

results in fields of application, f ™ P , - opponent’s point 
unless it is based on an understanding of the opp 

nredict and understand 
Behind the rejection of attempts P ^ U^g ^n 

behaviour in terms of non-mental concepts, there 
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should be attacked by the sdentific rather than the philosophic 
approach. With this conclusion the writer is strongly in agree- 
ment ; but unfortunately there is a difficulty which can best be 
expressed by describing theories of scientific method as them- 
selves philosophical. If we say that we believe in effects of 
noise on behaviour, and are chaUenged, we can cite experimental 
evidence in our aid. But if we say that we believe in evidence, 
and are challenged, we can cite no experiments to prove our point. 
All we can do is to argue and persuade, as Hull did. The logical 
status of the two beliefs, in noise and in evidence, is different: 
one is a statement within a language and the other a statement 
about the rules of that language. Once we decide to play 
Canasta, the rules prescribe our behaviour ; but there is nothing 
in the rules to stop the man who wants to play Bridge instead. 
Unless one distinguishes between statements about and within 
languages, one finds oneself in the sort of logical tangle illustrated 
by the paradoxical statement ‘ everything I say is false And 
when the distinction is made, one finds that Hull’s statement 
‘ a satisfactory scientific theory should begin with a set of 
explicitly stated postulates ’ is of the same class as ‘ besides God 
no substance can be, nor can be conceived *. 

It is important to realize this, for two main reasons. The 
first of these concerns disagreements between those who accept 
Hull’s fundamental belief in the value of experimental testing; 
such disagreement may arise about the particular statement 
quoted in the last paragraph, or about the use of S-R terminology, 
or about similar procedural beliefs. It is essential that no 
reader of this book should be led, by the criticisms we have 
sometimes made of S-R theory, into thinking that any cybernetic 
theory is necessarily better thiw wry S-R theory. On 
contrary, many enthusiasts for the language of communication 
engineers have fallen into the pitfalls of premature quantification 
and of ‘ verifying ’ complex theories by a few simple experiments, 
which we have discussed in connexion with S-R theories. Con- 
versely, many S-R theorists have stated in their own language, 
relationships which cyberneticists have afterrvards ‘ discovered ’ : 
Hull (1937) gives an outline account of behaviour in terms of 
negative feed-back and of a stored representation of external 
events. As has been said in Chapter 10, the latest views of 
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unwillingness to deny the values of everyday experience. The 
shape of a snow-flake, or of a mountain may be impressive; 
but most of us yield more respect and affection to the wisdom, 
fortitude, and compassion of certain human beings. To reduce 
these qualities to the operation of the same laws which produce 
even beautiful natural objects seems almost to be a closing of the 
eyes to them. Any of us, who believe in the scientific approach, 
who is wanting in this respect and affection reinforces this inter- 
pretation. Yet, as Spence (1940) has said in other words, our 
concepts should be judged not by the discrepancy between 
their own nature and everyday experience, but by the agreement 
between experience and the effects which the interplay of our 
constructs would produce. The actions of great men will not 
be changed when we know more of the underlying structure 
behind them: the phenomena remain the same whatever formulae 
we find for their description. In the same way to understand 
the anatomy of a man is not to abolish or deny the beauty of his 
intact body: without such knowledge that beauty can neither 
be repaired when it is damaged nor represented artistically to 
heighten its value. Compassion also will be more effective 
when it is based on fuller knowledge of human behaviour. 

For these reasons a book such as this cannot come to a rounded 
conclusion and say, there Is no more advance possible to this 
method. The scientific quest must be renewed : not to denigrate 
man, but to raise him up. And to the writer the belief in 
experimental method seems merely a translation into the idiom of 
our time of the injunction to be, not only as innocent as doves, but 
also as wise as serpents. It would be well to combine it with 
other precepts from the same source. 
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